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and the Ultra-Indian peninsula from Asam to Singapore, and 
even to have extended to the Nicobars, Sumatra, Borneo, and 
beyond. In India, on the west and south-west, the Tibetan 
■element dies out, and gives place (gradually) to the purer 
Dravidian ; and here we have the darker Kol alliance, Munda, 
Santali, &c., say, roughly, two thirds Dravidian and one-third 
Tibetan. Further east we have the relics of the Mon in the Bodo, 
Koch, Mech, of the Delta, and the Garo-Kasia of the eastern 
hills, the latter more Tibetanised by later influx of Tibetans 
vid Bhutan, in physique and language. 

Then we have a vast gap filled in by later “Tibeto-Burman” 
races, and come to the “ Mon ” of Pegu, who show the influence 
of the Tibeto-Burman inroads, though retaining still considerable 
* 4 Kasia ” affinities. The Kambojans, again, are another frag¬ 
ment of the “ Mon,” having specific affinities with Manipuri 
and Naga. Anamese, again, is distinguished by its strong 
Manipuri, Barak, and Kol affinities, and showing Chinese 
influence, through contiguity becoming more monosyllabic. 

Logan, who was an expert in these matters, tells us that 
“ the Mon-Anam pronouns and numerals are partly Tibetan 
and partly Dravidian—chiefly the latter—but most of the sub¬ 
stantial roots are similar to Tibetan, and the forms more archaic 
than the current Tibeto-Burman.” “The difference between 
Dravido-Australian and the Mon-Anam formation is so great, 
that it may be safely connected with the equally striking differ¬ 
ence of race, and ascribed to a long-continued and total ethnic 
separation during its earlier history. The Simang and Anda- 
mani are the purest remnants of a pre-Himalaic race in Ultra- 
India, and it is probable that similar Dravido-Australian tribes 
[lived there] before the Mon-Anam entered the region.” 

But one of the best proofs that the “Khmer” are not 
Dravido-Australian is, that the Australian races all have 
numerals on the binary basis I and 2. Three is 2 + 1 or 1 + 2. 
Four is 2 -f 2. Five is 2 -1- 2 + 1. This was formerly the basis of 
the Dravidian system, long before the Mon-Anam (Khmer, &c.) 
arose as a race. 

The Australians, in fact, whose languages are known to be 
“more nearly allied to the South Indian than to any other in 
the world,” left India (probably via Malaya) when the Dravidian 
numerals were in their earliest binary stage, and before the 
quinary and denary stage was developed (anywhere). 

As Logan says, “ the quinary and denary systems, with the 
Dravidian mode of forming 8 and 9, indicate affinities belonging 
to much later periods. The civilisation which originated them, 
was unknown to Dravido-Australian at the time when the early 
Asonasian migrations took place.” 

That the Mon-Anam race, much later on, passed south and 
east from India, and extended even over the Archipelago and 
Pacific, is becoming yearly more obvious, not only through study 
of physique and customs, but the number of roots, pronouns, 
and vocables having a Himalaic basis. But from their site of 
origin, in Bengal, as a (locally varied) admixture of Tibetan and 
Dravidian, the racial development and tribal drift may have 
been exceedingly slow, like the drift we see now among the much 
later Tibeto-Burman, Lushai Kuki, &c., taking probably many 
centuries in crossing from the Delta, across the Barak, Manipuri, 
and Naga Ranges, and via Asam. That they at one time 
covered the entire Ultra-Indian peninsula, is obvious from the 
position of the fragments of the race, due to the intrusion of the 
Tibeto-Burmans, but that they extended to the east of the Upper 
Irawadi is doubtful. 

The Cham, Charay, Stieng, Xong, Samre, and Kuy are the 
less known, more barbarous, and purer branches of the Mon- 
Anam living in the Mekong highlands. S. E. Peal. 

Sibsagar, Asam, August 11. 


Dr. Siemens* Smokeless Open Grate. 

Dr. C. William Siemens described fully in Nature 
(November II, 1880, vol. xxiii. p. 25) a smokeless open gas and 
coke or gas and anthracite grate for living rooms, costing about 
one halfpenny per hour in fuel. Will any users of this grate, who 
may have an extended experience of it, relate their views, and 
state any lessons its use may have taught them ? 

During an extensive hunt for a smokeless open cheap grate, 
Dr. Siemens 1 grate is the most satisfactory I have yet found. 

Fred. Wm. Foster, 

Neckinger Mills, Bermondsey, September 9. 
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THE LIVERPOOL MEETING OF THE 
BRITISH ASSOC I A TION. 

IV. 

Liverpool, September 14. 

E are now on the eve of the meeting. St. George’s 
Hall opens to-day as the British Association re¬ 
ception-room ; and although the attendance on the first 
day will be chiefly Liverpool people securing their seats 
for the evening addresses in the Philharmonic Hall, still 
a few visitors from other parts of the country and from 
abroad have already arrived, and many more are ex¬ 
pected to-morrow. We are told that more associates’ 
and ladies’ tickets have now been taken than at any 
previous meeting on the corresponding day. These 
local ticket-holders, along with the members from else¬ 
where who have intimated their intention of being 
present, amounted on Saturday to about 2500, so there 
is every prospect of a large gathering. 

The last meeting, for the present, of the Executive 
Committee was held on Friday, and the local secretaries 
then reported upon the final arrangements for the meet¬ 
ing. The Town Hall will probably prove too small for 
the number of members who will attend the first soiree, 
so the Lord Mayor (the Earl of Derby) has obtained 
permission from the Committee of the Exchange News¬ 
room, across the Exchange “ flags,” to utilise that mag¬ 
nificent hall, in addition to the Town Hall, for his enter¬ 
tainment. A covered way will connect the front of the 
Exchange News-room with one of the windows of the 
Town Hall. 

At the second soiree, to be held in the Walker Art 
Gallery, Free Library, and Museum, the accommodation 
is ample, so provision is being made for short lectures, 
lantern demonstrations, and various exhibitions in the 
galleries and rooms. 

Nothing has been changed in the other Sectional 
arrangements and fixtures already announced, but some 
additional information has come in regard to the probable 
work of Sections F, I and K. 

In the Section of Economics and Statistics, the pro¬ 
ceedings on Thursday will be opened at 11 a.m. by the 
Presidential Address, which will deal with economic 
teaching and political action. The treatment of this 
subject derives much additional importance from the 
almost unique position in the political world occupied by 
the President (the Right Hon. L. Courtney). In due 
consideration that the meeting takes place this year in 
a large and busy commercial centre like Liverpool, several 
sittings will be devoted to the consideration of matters 
of directly practical, as well as theoretic interest. On 
one day (Friday), three papers will be given by Messrs. 
Cannan, W. H. Smith, and Blunden on various points 
relating to the incidence of local rates and the municipal 
control of finance. On another day (Monday), future 
dealings in produce will form the subject of discussion. 
Papers dealing with these will be contributed by Mr. 
H. R. Rathbone, Mr. Charles Stewart, and Mr. E. Helm, 
of Manchester. On Tuesday, currency questions will 
occupy the attention of the Section, when it is hoped 
that a paper will be read in defence of the gold standard 
by Mr. William Fowler. One or two papers from the 
bimetallic side are promised. Other papers will deal 
with the effects of trade amalgamations, systems of 
economic education, standard of value and money, com¬ 
mercial crises, cotton prices, remedies for agricultural 
distress, metric system, and other important subjects. 
It is hoped that there will be included among these a 
consideration of some aspects of charitable and philan¬ 
thropic trading, by Mr. C. S. Loch. 

In the “ Section of Physiology, including Psycho¬ 
physics and Experimental Pathology,” in addition to 
the Presidential Address and the discussions already 
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announced, some of the more important communications 
will be as follows “Further researches on the phono¬ 
graph,” and “ Method of transmitting wave-forms from 
phonograms to paper,” by Prof. McKendrick ; “ Method 
of distinguishing between organic and inorganic com¬ 
pounds of iron in the tissues,” by Prof. Macallum 
(Toronto) ; “ The glycoside constitution of proteid 

matter,” by Dr. Pavy ; “ Photometry and Purkinje’s 
phenomenon,” by Prof. Haycroft ; “ Bacteria and daily 
food,” by Dr. Kanthack ; “The physiological effects of 
peptone when injected into the circulation,” by Prof. 
Thompson ; “ The influence of glycerine on the growth 
of bacteria,” by Dr. Markton Copeman ; and other papers 
by Dr. Dupuy, Prof. Gotch, Dr. Mann, Prof. Boyce, &c. 

In the Botanical Section, in addition to what we have 
already announced, there will be two discussions on 
subjects which have for some time past been prominently 
before the botanical world. On Friday, Mr. Francis 
Darwin will introduce a discussion on the movements of 
water in plants ; others will be followed by a demonstration 
by Prof. Vines of a new method for the experimental 
investigation of some phenomena connected with the 
transpiration current. On Tuesday the second discussion 
will be opened by Prof. Farmer. This will treat of 
problems connected with the vegetable cell, but it is 
hoped that with the co-operation of zoologists the subject 
will be discussed from a general biological point of view. 

An important contribution by Miss Sargant will be 
made after the discussion, in which some recent researches 
on nuclear division will be described. 

On Monday afternoon, as already announced, a lecture 
will be delivered by Mr. Thiselton-Dyer, on the geo¬ 
graphical distribution of plants. The subject will be 
treated in such a way as to appeal not only to specialists, 
but to the wider circle of those who possess a general 
interest in botanical science. 

The papers to be communicated to this Section may be 
summarised as follows. Prof. Magnus (of Berlin), Mr. 
Ellis, and Mr. Vaughan Jennings have promised com¬ 
munications on the life-history of various Fungi. Dr. 
Mann is expected to make a communication on work 
carried out by Miss Huit on the physiology of the 
tentacles of Drosera; and from Dr. Morris (of Kew), 
there will be a contribution on some remarkable patho¬ 
logical effects produced by a West Indian weed ,Leuccena 
glauca. On Monday, Prof. Chodat (of Geneva) will give 
an account of conclusions arrived at as the result of his 
important researches on Algae, relating to such problems 
as the origin of sexuality, and the relationship of Algae to 
the higher plants. 

Prof. Bower and Mr. Lang (of Glasgow) will deal with 
investigations on Vascular Cryptogams, and from the 
latter author may be expected an exceedingly important 
contribution which has a direct bearing on the question 
of alternation of generations treated of in the President’s 
opening address. Palaeobotanical papers are to be read 
by the President and Mr. Seward on Palaeozoic and 
Mesozoic plants. It is hoped that Prof. Trail (of Aberdeen) 
may give an account of his extensive researches on the 
variation in flower structure of the Polygonacecej and Mr. 
Scott-Elliot will probably read a paper on the effect of 
habitat on the habits of plants. Results of anatomical 
and physiological interest will be communicated by Mr. 
Keeble and Mr. Gwynne-Vaughan. 

Although the hope that Nansen might have attended this 
meeting will not be realised, we shall have Sir Martin 
Conway fresh from Spitzbergen, and an account will be 
given by Mr. Montefiore Bryce of the experiences in Franz 
fosef Land of the Jackson-Harmsworth Expedition. 

Amongst recent additions to the list of foreigners and 
Americans expected areProf. Fokkar (Groningen), 
Prof. Johannes Walther(Jena),Dr. Montelius (Stockholm), 
Prof. Keeler (Pennsylvania), Dr. Stolpe (Stockholm), 
Prof. Zacharias (Hamburg), Dr. Herrschen (Upsala), Dr. 
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J ohann Hjort (Christiania), M. Theodore Nica-(Bucharest), 
Prof. Bohnslav Brauner (Prague), Prof. Nasini (Padua), 
Prof. Yves Delage (Paris), Prof. J. Berg (Stockholm), 
Prof. R. Chodat (Geneva), Prof. Kohlrausch (Berlin), 
M. J. Violle (Paris). Other distinguished guests who 
will attend were mentioned in a former article. 

Before this appears in print the presidential and other 
opening addresses will have been given, and the character 
of the meeting will have declared itself; but as far as 
present indications afford a clue, we may expect an un¬ 
usually large gathering, and a number of important 
discussions in the Sections. How far these forecasts and 
expectations have been realised will appear in our final 
article. W. A. Herdman. 

Inaugural Address by Sir Joseph Lister, Bart., 
D.C.L., LL.D., P.R.S., President. 

My Lord Mayor, my Lords, Ladies, and Gentlemen, I have 
first to express my deep sense of gratitude for the great honour 
conferred upon me by my election to the high office which I 
occupy to-day. It came upon me as a great surprise. The 
engrossing claims of surgery have prevented me for many years 
from attending the meetings of the Association, which excludes 
from her Sections medicine in all its branches. This severance 
of the art of healing from the work of the Association was 
right and indeed inevitable. Not that medicine has little in 
common with science. The surgeon never performs an operation 
without the aid of anatomy and physiology; and in what is 
often the most difficult part of his duty, the selection of the 
right course to follow, he, like the physician, is guided by 
pathology, the science of the nature of disease, which, though 
very difficult from the complexity of its subject matter, has 
made during the last half-century astonishing progress ; so that 
the practice of medicine in every department is becoming more 
and more based on science as distinguished from empiricism. 
I propose on the present occasion to bring before you some 
illustrations of the interdependence of science and the healing 
art; and the first that I will take is perhaps the most astonishing 
of all results of purely physical inquiry—the discovery of the 
Rontgen rays, so called after the man who first clearly revealed 
them to the world. Mysterious as they still are, there is one of 
their properties which we can all appreciate—their power of 
passing through substances opaque to ordinary light. There 
seems to be no relation whatever between transparency in the 
common sense of the term and penetrability to these emanations. 
The glasses of a pair of spectacles may arrest them while their 
wooden and leathern case allows them to pass almost un¬ 
checked. Yet they produce, whether directly or indirectly, the 
same effects as light upon a 'photographic plate. As a general 
rule the denser any object is the greater obstacle does it oppose 
to the rays. Hence, as bone is denser than flesh, if the hand 
or other part of the body is placed above the sensitive. film; 
enclosed in a case of wood or other light material at a suitable 
distance from the source of the rays, while they pass with the 
utmost facility through the uncovered parts of the lid of the box 
and powerfully affect the plate beneath, they are arrested to a 
large extent by the bones, so that the plate is little acted upon 
in the parts opposite to them, while the portions corresponding 
to the muscles and other soft parts are influenced in an inter¬ 
mediate degree. Thus a picture is obtained in which the bones 
stand out in sharp relief among the flesh, and anything abnormal 
in their shape or position is clearly displayed. 

I need hardly point out what important aid this must give, to 
the surgeon. As an instance, I may mention a case which 
occurred in the practice of Mr. Howard Marsh. He was called 
to see a severe injury of the elbow, in which the swelling was 
so great as to make it impossible for him by ordinary means of 
examination to decide whether he had to deal with a fracture 
or a dislocation. If it were the latter, a cure would be effected 
by the exercise of violence which would be not only useless hut 
most injurious if a bone was broken. By the aid of the Rontgen 
rays a photograph was taken in which the bone of the upper 
arm was clearly seen displaced forwards on those of the fore¬ 
arm. The diagnosis being thus established, Mr. Marsh pro¬ 
ceeded to reduce the dislocation ; and his success was proved 
by another photograph which showed the bones in their natural 
relative position. , 

The common metals, such as lead, iron, and copper, being 
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still denser than the osseous structures, these rays can show a 
bullet embedded in a bone or a needle lodged about a joint. 
At the last conversazione of the Royal Society a picture pro¬ 
duced by the new photography displayed with perfect distinct¬ 
ness through the bony framework of the chest a halfpenny low 
down in a boy’s gullet. It had been there for six months, 
causing uneasiness at the pit of the stomach during swallowing ; 
but whether the coin really remained impacted, or if so, what 
was its position, was entirely uncertain till the Rontgen rays 
revealed it. Dr. Macintyre of Glasgow, who was the photo¬ 
grapher, informs me that when the presence of the halfpenny 
had been thus demonstrated, the surgeon in charge of the case 
made an attempt to extract it, and although this was not 
successful in its immediate object, it had the effect of dis¬ 
lodging the coin ; for a subsequent photograph by Dr. Macintyre 
not only showed that it had disappeared from the gullet, but 
also, thanks to the wonderful penetrating power which the rays 
had acquired in his hands, proved that it had not lodged further 
down in the alimentary passage. The boy has since completely 
recovered. 

The Rontgen rays cause certain chemical compounds to 
fluoresce, and emit a faint light plainly visible in the dark ; and 
if they are made to fall upon a translucent screen impregnated 
with such a salt, it becomes beautifully illuminated. If a part 
of the human body is interposed between the screen and the 
source of the rays, the bones and other structures are thrown in 
shadow upon it, and thus a diagnosis can be made without the 
delay involved in taking a photograph. It was in fact in this 
way that Dr. Macintyre first detected the coin in the boy’s 
gullet. . Mr. Herbert Jackson, of King’s College, London, early 
distinguished himself in this branch of the subject. There is no 
reason to suppose that the limits of the capabilities of the rays 
in this way have yet been reached. By virtue of the greater 
density of the heart than the adjacent lungs with their contained 
air, the form and dimensions of that organ in the living body 
may be displayed on the fluorescent screen, and even its move¬ 
ments have been lately seen by several different observers. 

Such important applications of the new rays to medical 
practice have strongly attracted the interest of the public to 
them, and l venture to think that they have even served to 
stimulate the investigations of physicists. The eminent Professor 
of Physics in the University of College of this city (Prof. Lodge) 
was one of the first to make such practical applications, and I 
was able to show to the Royal Society at a very early period a 
photograph, which he had the kindness to send me, of a bullet 
embedded in the hand. His interest in the medical aspect of 
the subject remains unabated, and at the same time he has been 
one of the most distinguished investigators of its purely physical 
side. 

There is another way in which the Rontgen rays connect 
themselves with physiology, and may possibly influence medicine. 
It is found that if the skin is long exposed to their action it 
becomes very much irritated, affected with a sort of aggravated 
sun-burning. This suggests the idea that the transmission of 
the rays through the human body may be not altogether a 
matter of indifference to internal organs, but may, by long-con¬ 
tinued action, produce, according to the condition of the part 
concerned, injurious irritation or salutary stimulation. 

This is the jubilee of Anaesthesia in surgery. That priceless 
blessing to mankind came from America. It had, indeed, been 
foreshadowed in the first year of this century by Sir Humphry 
Davy, who, having found a toothache from which he was suffer¬ 
ing relieved as he inhaled laughing gas (nitrous oxide), threw out 
the suggestion that it might perhaps be used for preventing pain 
in surgical operations. But it was not till, on September 30, 
1846, Dr. W. T. G. Morton, of Boston, after a series of experi¬ 
ments upon himself and the lower animals, extracted a tooth 
painlessly from a patient whom he had caused to inhale the 
vapour of sulphuric ether, that the idea was fully realised. He 
soon afterwards publicly exhibited his method at the Massa¬ 
chusetts General Hospital, and after that event the great 
discovery spread rapidly over the civilised world. I witnessed 
the first operation in England under ether. It was performed 
by Robert Liston in University College Hospital, and it was a 
complete success. Soon afterwards I saw the same great 
surgeon amputate the thigh as painlessly, with less complicated 
anaesthetic apparatus, by aid of another agent,. chloroform, 
which was being powerfully advocated as a substitute for ether 
by Dr, (afterwards Sir James Y.) Simpson, who also had the 
great merit of showing that confinements could be conducted 
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painlessly, yet safely, under its influence. These two agents 
still hold the field as general anaesthetics for protracted opera¬ 
tions, although the gas originally suggested by Davy, in con¬ 
sequence of its rapid action and other advantages, has taken 
their place in short operations, such as tooth extraction. In the 
birthplace of anaesthesia ether has always maintained its ground ; 
but in Europe it was to a large extent displaced by chloroform 
till recently, when many have returned to ether, under the idea 
that, though less convenient, it is safer. For my own part, I 
believe that chloroform, if carefully administered on right 
principles, is, on the average, the safer agent of the two. 

The discovery of anaesthesia inaugurated a new era in surgery. 
Not only was the pain of operations abolished, but the serious 
and sometimes mortal shock which they occasioned to the system 
was averted, while the patient was saved the terrible ordeal of 
preparing to endure them. At the same time the field of surgery 
became widely extended, since many procedures in themselves 
desirable, but before impossible from the protracted agony they 
would occasion, became matters of routine practice. Nor have 
I by any means exhausted the list of the benefits conferred by 
this discovery. 

Anaesthesia in surgery has been from first to last a gift of 
science. Nitrous oxide, sulphuric ether, and chloroform are all 
artificial products of chemistry, their employment as anaesthetics 
was the result of scientific investigation, and their administra¬ 
tion, far from being, like the giving of a dose of medicine, a 
matter of rule of thumb, imperatively demands the vigilant 
exercise of physiological and pathological knowledge. 

While rendering such signal service to surgery, anaesthetics 
have thrown light upon biology generally. It has been found 
that they exert their soporific influence not only vertebrata, but 
upon animals so remote in structure from man as bees and other 
insects. Even the functions of vegetables are suspended by 
their agency. They thus afford strong confirmation of the great 
generalisation that living matter is of the same essential nature 
wherever it is met with on this planet, whether in the animal or 
vegetable kingdom. Anaesthetics have also, in ways to which I 
need not here refer, powerfully promoted the progress of 
physiology and pathology. 

My next illustration may be taken from the work of Pasteur 
on fermentation. The prevailing opinion regarding this class of 
phenomena when they first engaged his attention was that they 
were occasioned primarily by the oxygen of the air acting upon 
unstable animal or vegetable products, which, breaking up 
under its influence, communicated disturbance to other organic 
materials in their vicinity, and thus led to their decomposition. 
Cagniard-Latour had indeed shown several years before that 
yeast consists essentially of the cells of a microscopic fungus 
which grows as the sweetwort ferments ; and he had attributed 
the breaking up of the sugar into alcohol and carbonic acid to 
the growth of the micro-organism. In Germany Schwann, who 
independently discovered the yeast plant, had published very 
striking experiments in support of analogous ideas regarding the 
putrefaction of meat. Such views had also found other advocates, 
but they had become utterly discredited, largely through the 
great authority of Liebig, who bitterly opposed them. 

Pasteur, having been appointed as a young man Dean of the 
Faculty of Sciences in the U niversity of Lille, a town where the 
products of alcoholic fermentation were staple articles of manu¬ 
facture, determined to study that process thoroughly ; and as a 
result he became firmly convinced of the correctness of Cagniard- 
Latour’s views regarding it. In the case of other fermentations, 
however, nothing fairly comparable to the formation of yeast 
had till then been observed. This was now done by Pasteur for 
that fermentation in which sugar is resolved into lactic acid. 
This lactic fermentation was at that time brought about by 
adding some animal substance, such as fibrin, to a solution of 
sugar, together with chalk that should combine with the acid as 
it was formed. Pasteur saw, what had never before been 
noticed, that a fine grey deposit was formed, differing little in 
appearance from the decomposing fibrin, but steadily increasing 
as the fermentation proceeded. Struck by the analogy presented 
by the increasing deposit to the growth of yeast in sweetwort, he 
examined it with the microscope, and found it to consist of 
minute particles of uniform size. Pasteur was not a biologist, 
but although these particles were of extreme minuteness in com¬ 
parison with the constituents of the yeast plant, he felt convinced 
that they were of an analogous nature, the cells of a tiny micro¬ 
scopic fungus. This he regarded as the essential ferment, the 
fibrin or other so-called ferment serving, as he believed, merely 
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the purpose of supplying to the growing plant certain chemical 
ingredients not contained in the sugar but essential to its nutri¬ 
tion. And the correctness of this view he confirmed in q, very 
striking manner, by doing away with the fibrin Or other animal 
material altogether, and substituting for it mineral salts contain¬ 
ing the requisite chemical elements. A trace of the grey deposit 
being applied to a solution of sugar containing these salts in 
addition to the chalk, a brisker lactic fermentation ensued than 
could be procured in the ordinary way. 

I have referred to this research in some detail because it 
illustrates Pasteur’s acuteness as an observer and his ingenuity 
in experiment, as well as his almost intuitive perception of 
truth. 

A series of other beautiful investigations followed, clearly 
proving that all true fermentations, including putrefaction, are 
caused by the growth of micro-organisms. 

It was natural that Pasteur should desire to know how the 
microbes which he showed to be the essential causes of the 
various fermentations took their origin. It was at that period a 
prevalent notion, even among many eminent naturalists, that 
such humble and minute beings originated de novo in decompos¬ 
ing organic substances ; the doctrine of spontaneous generation, 
which had been chased successively from various positions which 
it once occupied among creatures visible to the naked eye, 
having taken its last refuge where the objects of study were 
of such minuteness that their habits and history were correspond¬ 
ingly difficult to trace. Here again Pasteur at once saw, as if 
by instinct, on which side the truth lay ; and perceiving its 
immense importance, he threw himself with ardour into its 
demonstration. I may describe briefly one class of experiments 
which he performed with this object. He charged a series of 
narrow-necked glass flasks with a decoction of yeast, a liquid 
peculiarly liable to alteration on exposure to the air. Having 
boiled the liquid in each flask, to kill any living germs it might 
contain, he sealed its neck with a blow-pipe during ebullition ; 
after which, the flask being allowed to cool, the steam within it 
condensed, leaving a vacuum above the liquid. If, then, the 
neck of the flask were broken in any locality, the air at that 
particular place would rush in to fill the vacuum, carrying with 
it any living microbes that might be floating in it.- The neck of 
the flask having been again sealed, any germs so introduced 
would in due time manifest their presence by developing in the 
clear liquid. When any of such a series of flasks were opened 
and re-sealed in an inhabited room, or under the trees of a 
forest, multitudes of minute living forms made their appearance 
in them ; but if this was done in a cellar long unused, where the 
suspended organisms, like other dust, might be expected to 
have all fallen to the ground, the decoction remained perfectly 
clear and unaltered, the oxygen and other gaseous constituents 
of the atmosphere were thus shown to be of themselves incapable 
of inducing any organic development in yeast-water. 

Such is a sample of the many well-devised experiments by 
which he carried to most minds the conviction that, as he 
expressed it, la generation spontanee est une cfumere , and 
that the humblest and minutest living organisms can only 
originate by parentage from beings like themselves, 

Pasteur pointed out the enormous importance of these humble 
organisms in the economy of nature. It is by their agency that 
the dead bodies of plants and animals are resolved into simpler 
compounds fitted for assimilation by new living forms. Without 
their aid the world would be, as Pasteur expresses it, encombre 
de cadavres. They are essential not only to our well-being, but 
to our very existence. Similar microbes must have discharged 
the same necessary function of removing refuse and providing 
food for successive generations of plants and animals during the 
past periods of the world’s history ; and it is interesting to think 
that organisms as simple as can well be conceived to have existed 
when life first appeared upon our globe have, in all probability, 
propagated the same lowly but most useful offspring during the 
ages of geological time. 

Pasteur’s labours on fermentation have had a very important 
influence upon surgery. I have been often asked to speak on my 
share in this matter before a public audience ; but I have hitherto 
refused to do so, partly because the details are so entirely 
technical, but chiefly because I have felt an invincible repug¬ 
nance to what might seem to savour of self-advertisement. The 
latter objection now no longer exists, since advancing years have 
indicated that it is right for me to leave to younger men the 
practice of my dearly loved profession. And it will perhaps be 
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expected that, if I can make myself intelligible, I should say 
something upon the subject on the present occasion. 

Nothing was formerly more striking in surgical experience 
than the difference in the behaviour of injuries according to 
whether the skin was implicated or not. Thus, if the bones of 
the leg were broken and the skin remained intact, the surgeon 
applied the necessary apparatus without any other anxiety than 
that of maintaining a good position of the fragments, although ( 
the internal injury to bones and soft parts might be very severe. 
If, on the other hand, a wound of the skin was present com¬ 
municating with the broken bones, although the damage might 
be in other respects comparatively slight, the compound fracture,, 
as it was termed, was one of the most dangerous accidents that 
could happen. Mr. Syme, who was, I believe, the safest 
surgeon of his time, once told me that he was inclined to think 
that it would be, on the whole, better if all compound fractures 
of the leg were subjected to amputation, without any attempt to 
save the limb. What was the cause of this astonishing differ¬ 
ence ? It was clearly in some way due to the exposure of the 
injured parts to the external world. One obvious effect of such 
exposure was indicated by the odour of the discharge, which 
showed that the blood in the wound had undergone putrefactive 
change by which the bland nutrient liquid had been converted 
into highly irritating and poisonous substances. I have seen a 
man with compound fracture of the leg die within two days of 
the accident, as plainly poisoned by the products of putrefaction 
as if he had taken a fatal dose of some potent toxic drug. 

An external wound of the soft parts might be healed in one of 
two ways. If its surfaces were clean cut and could be brought 
into accurate apposition, it might unite rapidly and painlessly 
“ by the first intention. ” This, however, was exceptional. Too 
often the surgeon’s efforts to obtain primary union were frustrated; 
the wound inflamed and the retentive stitches had to be removed, 
allowing it to gape ; and then, as if it had been left open from 
the first, healing had to be effected in the other way which it is 
necessary for me briefly to describe. An exposed raw surface 
became covered in the first instance with a layer of clotted blood 
or certain of its constituents, which invariably putrefied ; and the 
irritation of the sensitive tissues by the putrid products appeared 
to me to account sufficiently for the inflammation which always 
occurred in and around an open wound during the three or four 
days which elapsed before what were termed “granulations' 
had been produced. These constituted a coarsely granular 
coating of very imperfect or embryonic structure, destitute of 
sensory nerves and prone to throw off matter or pus, rather than 
absorb, as freshly divided tissues do, the products of putrefac¬ 
tion. The granulations thus formed a beautiful living plaster, 
which protected the sensitive parts beneath from irritation, and 
the system generally from poisoning and consequent febrile 
disturbance. The granulations had other useful properties of 
which I may mention their tendency to shrink as they grew, thus 
gradually reducing the dimensions of the sore. Meanwhile another 
cause of its diminution was in operation. The cells of the epidermis 
or scarf-skin of the cutaneous margins were perpetually produc¬ 
ing a crop of young cells of similar nature, which gradually 
spread over the granulations till they covered them entirely, and 
a complete cicatrix or scar was the result. Such was the other 
mode of healing, that by granulation and cicatrisation ; a process 
which, when it proceeded unchecked to its completion, com¬ 
manded our profound admiration. It was, however, essentially 
tedious compared with primary union, while, as we have seen, 
it was always preceded by more or less inflammation and fever, 
sometimes very serious in their effects. It was also liable to 
unforeseen interruptions. The sore might become larger instead 
of smaller, cicatrisation giving place to ulceration in one of its 
various forms, or even to the frightful destruction of tissue which, 
from the circumstance that it was most frequently met with in 
hospitals, was termed hospital gangrene. Other serious and 
often fatal complications might arise, which the surgeon could 
only regard as untoward accidents and over which he had no 
efficient control. 

It will be readily understood from the above description that 
the inflammation which so often frustrated the surgeon’s 
endeavours after primary union was in my opinion essentially 
due to decomposition of blood within the wound. 

These and many other considerations had long impressed me 
with the greatness of the evil of putrefaction in surgery. I had 
done my best to mitigate it by scrupulous ordinary cleanliness 
and the use of various deodorant lotions. But to prevent it 
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altogether appeared hopeless while we believed with Liebig that its 
primary cause was the atmospheric oxygen which, in accordance 
with the researches of Graham, could not fail to be perpetually 
diffused through the porous dressings which were used to absorb 
the blood discharged from the wound. But when Pasteur had 
shown that putrefaction was a fermentation caused by the growth 
of microbes, and that these could not arise de novo in the 
decomposable substance, the problem assumed a more hopeful 
aspect. If the wound could be treated with some substance 
which, without doing too serious mischief to the human tissues, 
would kill the microbes already contained in it and prevent the 
future access of others in the living state, putrefaction might be 
prevented, however freely the air with its oxygen might enter. 

I had heard of carbolic acid as having a remarkable deodorising 
effect upon sewage, and having obtained from my colleague Dr. 
Anderson, Professor of Chemistry in the University of Glasgow, 
a sample which he had of this product, then little more than a 
chemical curiosity in Scotland, I determined to try it in com¬ 
pound fractures. Applying it undiluted to the wound, with an 
arrangement for its occasional renewal, I had the joy of seeing 
these formidable injuries follow the same safe and tranquil course 
as simple fractures, in which the skin remains unbroken. 

At the same time we had the intense interest of observing in 
open wounds what had previously been hidden from human 
view, the manner in which subcutaneous injuries are repaired. 
Of special interest was the process by which portions of tissue 
killed by the violence of the accident were disposed of, as con¬ 
trasted with what had till then been invariably witnessed. 
Dead parts had been always seen to be gradually separated from 
the living by an inflammatory process and thrown off as sloughs. 
But when protected by the antiseptic dressing from becoming 
putrid and therefore irritating, a structure deprived of its life 
caused no disturbance in its vicinity ; and, on the contrary, being 
of a nutritious nature, it served as pabulum for the growing 
elements of the neighbouring living structures, and these became 
in due time entirely substituted for it. Even dead bone was seen 
to be thus replaced by living osseous tissue. 

This suggested the idea of using threads of dead animal tissue 
for tying blood-vessels; and this was realised by means of cat¬ 
gut, which is made from the intestine of the sheep. If deprived 
of living microbes, and otherwise properly prepared, catgut 
answers its purpose completely ; the knot holding securely, while 
the ligature around the vessel becomes gradually absorbed and 
replaced by a ring of living tissue. The threads, instead of 
being left long as before, could now be cut short, and the 
tedious process of separation of the ligature, with its attendant 
serious danger of bleeding, was avoided. 

Undiluted carbolic acid is a powerful caustic ; and although it 
might be employed in compound fracture, where some loss of 
tissue was of little moment in comparison with the tremendous 
•danger to be averted, it was altogether unsuitable for wounds 
made by the surgeon. It soon appeared, however, that the 
-acid would answer the purpose aimed at, though used in diluted 
forms devoid of caustic action, and therefore applicable to 
•operative surgery. According to our then existing knowledge, 
two essential points had to be aimed at : to conduct the opera¬ 
tion so that on its completion the wound should contain no 
living microbes, and to apply a dressing capable of preventing 
the access of other living organisms till the time should have 
-arrived for changing it. 

Carbolic acid lent itself well to both these objects. Our 
experience with this agent brought out what was, I believe, a 
new principle in pharmacology—namely, that the energy of 
action of any substance upon the human tissues depends not 
•only upon the proportion in which it is contained in the material 
used as a vehicle for its administration, but also upon the degree 
of tenacity with which it is held by its solvent. Water dissolves 
•carbolic acid sparingly and holds it extremely lightly, leaving it 
free to act energetically on other things for which it has greater 
affinity, while various organic substances absorb it greedily and 
hold it tenaciously. Hence its watery solution seemed admirably 
suited for a detergent lotion to be used during the operation for 
destroying any microbes that might fall upon the wound, and 
for purifying the surrounding skin and also the surgeon’s hands 
and instruments. For the last-named purpose it had the further 
advantage that it did not act on steel. 

For an external dressing the watery solution was not adapted, 
as it soon lost the acid it contained, and was irritating while it 
lasted. For this purpose some organic substances were found 
to answer well. Large proportions of the acid could be blended 
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with them in so bland a form as to be unirritating; and such 
mixtures, while perpetually giving off enough of the volatile salt 
to prevent organic development in the discharges that flowed 
past them, served as a reliable store of the antiseptic for days 
together. 

The appliances which I first used for carrying out the anti¬ 
septic principle were both rude and needlessly complicated. The 
years that have since passed have witnessed great improvements 
in both respects, of the various materials which have been em¬ 
ployed by myself and others, and their modes of application, I 
need say nothing except to express my belief, as a matter of long 
experience, that carbolic acid, by virtue of its powerful affinity 
for the epidermis and oily matters associated with it, and also its 
great penetrating power, is still the best agent at our disposal for 
purifying the skin around the wound. But I must say a few 
words regarding a most important simplification of our pro¬ 
cedure. Pasteur, as we have seen, had shown that the air of 
every inhabited room teems with microbes ; and for a long time 
I employed various more or less elaborate precautions against the 
living atmospheric dust, not doubting that, as all wounds ex¬ 
cept the few which healed completely by the first intention 
underwent putrefactive fermentation, the blood must be a 
peculiarly favourable soil for the growth of putrefactive 
microbes. But I afterwards learnt that such was by no means 
the case. I had performed many experiments in confirmation 
of Pasteur’s germ theory, not indeed in order to satisfy myselt 
of its truth, but in the hope of convincing others. I had ob¬ 
served that uncontaminated milk, which would remain 
unaltered for an indefinite time if protected from dust, 
was made to teem with microbes of different kinds by a very 
brief exposure to the atmosphere, and that the same effect was 
produced by the addition of a drop of ordinary water. But 
when I came to experiment with blood drawn with antiseptic 
precautions into sterilised vessels, I saw to my surprise that it 
might remain free from microbes in spite of similar access of air 
or treatment with water. I even found that if very putrid blood 
was largely diluted with sterilised water, so as to diffuse its 
microbes widely and wash them of their acrid products, a drop 
of such dilution added to pure blood might leave it unchanged 
for days at the temperature of the body, although a trace of the 
septic liquid undiluted caused intense putrefaction within twenty- 
four hours. Hence I was led to conclude that it was the grosser 
forms of septic mischief, rather than microbes in the attenuated 
condition in which they existed in the atmosphere, that we had 
to dread in surgical practice. And at the London Medical 
Congress in 1881, I hinted, when describing the experiments I 
have alluded to, that it might turn out possible to disregard 
altogether the atmospheric dust. But greatly as I should have 
rejoiced at such a simplification of our procedure, if justifiable, I 
did not then venture to test it in practice. I knew that with 
the safeguards which we then employed I could ensure the safety 
of my patients, and I did not dare to imperil it by relaxing 
them. There is one golden rule for all experiments upon our 
fellow-men. Let the thing tried be that which, according to 
our best judgment, is the most likely to promote the welfare of 
the patient. In other words, Do as you would be done by. 

Nine years later, however, at the Berlin Congress in 1890, I 
was able to bring forward what was, I believe, absolute demon¬ 
stration of the harmlessness of the atmospheric dust in surgical 
operations. This conclusion has been justified by subsequent 
experience: the irritation of the wound by antiseptic irrigation 
and washing may therefore now be avoided, and nature left 
quite undisturbed to carry out her best methods of repair, while 
the surgeon may conduct his operations as simply as in former 
days, provided always that, deeply impressed with the tremen¬ 
dous importance of his object, and inspiring the same conviction 
in all his assistants, he vigilantly maintains from first to last, 
with a care that, once learnt, becomes instinctive, but for the 
want of which nothing else can compensate, the use of the 
simple means which will suffice to exclude from the wound the 
coarser forms of septic impurity. 

Even our earlier and ruder methods of carrying out the 
antiseptic principle soon produced a wonderful change in my 
surgical wards in the Glasgow Royal Infirmary, which, from 
being some of the most unhealthy in the kingdom, became, as I 
believe I may say without exaggeration, the healthiest in the 
world ; while other wards, separated from mine only by a passage 
a few feet broad, where former modes of treatment were for awhile 
continued, retained their former insalubrity. This result, I need 
hardly remark, was not in any degree due to special skill on my 
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part, but simply to the strenuous endeavour to carry out strictly 
what seemed to me a principle of supreme importance. 

Equally striking changes were afterwards witnessed in other 
institutions. Of these I may give one example. In the great 
Allgemeines Krankenhaus of Munich, hospital gangrene had 
become more and more rife from year to year, till at length the 
frightful condition was reached that 80 per cent, of all wounds 
became affected by it. It is only just to the memory of Prof, 
von Nussbaum, then the head of that establishment, to say that 
he had done his utmost to check this frightful scourge; and that 
the evil was not caused by anything peculiar in his management 
was shown by the fact that in a private hospital under his care 
there was no unusual unhealthiness. The larger institution 
seemed to have become hopelessly infected, and the city authori¬ 
ties were contemplating its demolition and reconstruction. 
Under these circumstances, Prof, von Nussbaum despatched his 
chief assistant, Dr. Lindpaintner, to Edinburgh, where I at 
that time occupied the chair of Clinical Surgery, to learn the 
details of the antiseptic system as we then practised it. He 
remained until he had entirely mastered them, and after his 
return all the cases were on a certain day dressed on our plan. 
From that day forward not a single case of hospital gangrene 
occurred in the Krankenhaus. The fearful disease pyaemia 
likewise disappeared, and erysipelas soon followed its example. 

But it was by no means only in removing the unhealthiness of 
hospitals that the antiseptic system showed its benefits. In¬ 
flammation being suppressed, with attendant pain, fever, and 
wasting discharge, the sufferings of the patient were, of course, 
immensely lessened ; rapid primary union being now the rule, 
convalescence was correspondingly curtailed ; while as regards 
safety and the essential nature of the mode of repair, it became 
a matter of indifference whether the wound had clean-cut sur¬ 
faces which could be closely approximated, or whether the injury 
inflicted had been such as to cause destruction of tissue. And 
operations which had been regarded from time immemorial as 
unjustifiable were adopted with complete safety. 

It pleases me to think that there is an ever-increasing number 
of practitioners throughout the world to whom this will not 
appear the language of exaggeration. There are cases in which, 
from the situation of the part concerned or other unusual 
circumstances, it is impossible to carry out the antiseptic system 
completely. These, however, are quite exceptional; and even 
in them much has been done to mitigate the evil which cannot 
be altogether avoided. 

I ask your indulgence if I have seemed to dwell too long upon 
matters in which I have been personally concerned. I now 
gladly return to the labours of others. 

The striking results of the application of the germ theory to 
surgery acted as a powerful stimulus to the investigation of the 
nature of the micro-organisms concerned ; and it soon appeared 
that putrefaction was by no means the only evil of microbic 
origin to which wounds were liable. I had myself very early 
noticed that hospital gangrene was not necessarily attended by 
any unpleasant odour ; and I afterwards made a similar observ¬ 
ation regarding the matter formed in a remarkable epidemic of 
erysipelas in Edinburgh obviously of infective character. I had 
also seen a careless dressing followed by the occurrence of sup¬ 
puration without putrefaction. And as these non-putrefactive 
disorders had the same self-propagating property as ferments, 
and were suppressed by the same antiseptic agencies which were 
used for combating the putrefactive microbes, I did not doubt 
that they were of an analogous origin ; and I ventured to express 
the view that, just as the various fermentations had each its 
special microbe, so it might be with the various complications 
of wounds. This surmise was afterwards amply verified. Prof. 
Ogston, of Aberdeen, was an early worker in this field, and 
showed that in acute abscesses, that is to say those which run a 
rapid course, the matter, although often quite free from un¬ 
pleasant odour, invariably contains micro-organisms belonging 
to the group which, from the spherical form of their elements, 
are termed micrococci; and these he classed as streptococci 
or staphylococci, according as they were arranged in chains 
or disposed in irregular clusters like bunches of grapes. 
The German pathologist, Fehleisen, followed with a beautiful 
research, by which he clearly proved that erysipelas is 
caused by a streptococcus. A host of earnest workers in 
different countries have cultivated the new science of Bacteri- 
ology, and, while opening up a wide fresh domain of 
Biology, have demonstrated in so many cases the causal relation 
between special micro-organisms and special diseases, not 
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only in wounds but in the system generally, as to afford ample 
confirmation of the induction which had been made by Pasteur 
that all infective disorders are of microbic origin. 

Not that we can look forward with anything like confidence 
to being able ever to see the materies morbi of every 
disease J of this nature. One of the latest of such discoveries 
has been that by Pfeiffer of Berlin of the bacillus of influenza, 
perhaps the most minute of all micro-organisms ever yet 
detected. The bacillus of anthrax, the cause of a plague com¬ 
mon among cattle in some parts of Europe, and often communi¬ 
cated to sorters of foreign wool in this country, is a giant as 
compared with this tiny being; and supposing the microbe of 
any infectious fever to be as much smaller than the influenza 
bacillus as this is less than that of anthrax, a by no means un 
likely hypothesis, it is probable that it would never be visible to 
man. The improvements of the microscope, based on the 
principle established by my father in the earlier part of the 
century, have apparently nearly reached the limits of what is 
possible. But that such parasites are really the causes of all 
this great class of diseases can no longer be doubted. 

The first rational step towards the prevention or cure of 
disease is to know its cause ; and it is impossible to over¬ 
estimate the practical value of researches such as those to which 
I am now referring. Among their many achievements is what 
may be fairly regarded as the most important discovery ever 
made in pathology, because it revealed the true nature of the 
disease which causes more sickness and death in the human race 
than any other. It was made by Robert Koch, who greatly 
distinguished himself when a practitioner in an obscure town in 
Germany, by the remarkable combination of experimental acute¬ 
ness and skill, chemical and optical knowledge and successful 
micro-photography which he brought to bear upon the illustration 
of infective diseases of wounds in the lower animals ; in recog¬ 
nition of which service the enlightened Prussian Government at 
once appointed him to an official position of great importance 
in Berlin. There he conducted various important researches ; 
and at the London congress in 1881 he showed to us for the 
first time the bacillus of tubercle. Wonderful light was thrown 
by this discovery upon a great group of diseases which had 
before been rather guessed than known to be of an allied nature •, 
a precision and efficacy never before possible was introduced 
into their surgical treatment, while the physician became guided 
by new and sure light as regards their diagnosis and prevention. 

At that same London congress Koch demonstrated to us his 
“ plate culture ” of bacteria, which was so important, that I 
must devote a few words to its description. With a view to the 
successful study of the habits and effects of any particular 
microbe outside the living body, it is essential that it should be 
present unmixed in the medium in which it is cultivated. It 
can be readily understood how difficult it must have been to 
isolate any particular micro-organism when it existed mixed, as 
was often the case, with a multitude of other forms. In fact, 
the various ingenious attempts made to effect this object had 
often proved entire failures. Koch, however, by an ingenious 
procedure converted what had been before impossible into a 
matter of utmost facility. In the broth or other nutrient liquid 
which was to serve as food for the growing microbe he dis¬ 
solved, by the aid of heat, just enough gelatine to ensure that, 
while it should become a solid mass when cold, it should 
remain fluid though reduced in temperature so much as to be in¬ 
capable of killing living germs. To the medium thus partially 
cooled was added some liquid containing, among others, the 
microbe to be investigated ; and the mixture was thoroughly 
shaken so as to diffuse the bacteria and separate them from each 
other. Some of the liquid was then poured out in a thin layer 
upon a glass plate and allowed to cool so as to assume the solid 
form. The various microbes, fixed in the gelatine and so pre¬ 
vented from intermingling, proceeded to develop each its special 
progeny, which in course of time showed itself as an opaque 
speck in the transparent film. Any one of such specks could 
now be removed and transferred to another vessel in which 
the microbe composing it grew in perfect isolation. 

Pasteur was present at this demonstration, and expressed his 
sense of the great progress effected by the new method. It was 
soon introduced into his own institute and other laboratories 
throughout the world ; and it has immensely facilitated bacterio¬ 
logical study. 

One fruit of it in Koch’s own hands was the discovery of the 
microbe of cholera in India, whither he went to study the 
disease. This organism was termed by Koch from its curved 
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form the “comma bacillus,” and by the French the cholera 
vibrio. Great doubts were for a long time felt regarding this 
discovery. Several other kinds of bacteria were found of the 
same shape, some of them producing very similar appearances 
in culture media. But bacteriologists are now universally 
agreed that, although various other conditions are necessary to 
the production of an attack of cholera besides the mere presence 
of the vibrio, yet it is the essential materies morbt; and it is 
by the aid of the diagnosis which its presence in any case of 
true cholera enables the bacteriologist to make, that threatened 
invasions of this awful disease have of late years been so success¬ 
fully repelled from our shores. If bacteriology had done nothing 
more for us than this, it might well have earned our gratitude. 

I have next to invite your attention to some earlier work of 
Pasteur. There is a disease known in France under the name 
of cholira des ponies, which often produced great havoc among 
the poultry yards of Paris. It had been observed that the 
blood of birds that had died of this disease was peopled by a 
multitude of minute bacteria, not very dissimilar in form and 
size to the microbe of the lactic ferment to which I have before 
referred. And Pasteur found that, if this bacterium was culti¬ 
vated outside the body for a protracted period under certain 
conditions, it underwent a remarkable diminution of its viru¬ 
lence ; so that, if inoculated into a healthy fowl, it no longer 
caused the death of the bird, as it would have done in its original 
condition, but produced a milder form of the disease which was 
not fatal. And this altered character of the microbe, caused by 
certain conditions, was found to persist in successive generations 
cultivated in the ordinary way. Thus was discovered the great 
fact of what Pasteur termed the attenuation des virus , which at 
once gave the clue to understanding what had before been quite 
mysterious, the difference in virulence of the same disease in 
different epidemics. 

But he made the further very important observation that a 
bird which had gone through the mild form of the complaint, 
had acquired immunity against it in its most virulent condition. 
Pasteur afterwards succeeded in obtaining mitigated varieties of 
microbes for some other diseases ; and he applied with great 
success the principle which he had discovered in fowl-cholera 
for protecting the larger domestic animals against the plague of 
anthrax. The preparations used for such preventive inoculations 
he termed “ vaccins,” in honour of our great countryman, 
Edward Jenner. For Pasteur at once saw the analogy between 
the immunity to fowl-cholera produced by its attenuated virus, 
and the protection afforded against small-pox by vaccination. 
And while pathologists still hesitated, he had no doubt of the 
correctness of Jenner’s expression variola vaccina , or small-pox 
in the cow. 

It is just a hundred years since Jenner made the crucial ex¬ 
periment of inoculating with small-pox a boy whom he had 
previously vaccinated, the result being, as he anticipated, that 
the boy was quite unaffected. It may be remarked that this 
was a perfectly legitimate experiment, involving no danger to 
the subject of it. Inoculation was at that time the established 
practice ; and if vaccination should prove nugatory, the inocu¬ 
lation would be only what would have been otherwise called 
for; while it would be perfectly harmless if the hoped-for effect 
of vaccination had been produced. 

We are a practical people, not much addicted to personal 
commemorations; although our nation did indeed celebrate 
with fitting splendour the jubilee of the reign of our beloved 
Queen ; and at the invitation of Glasgow the scientific world has 
lately marked in a manner, though different, as imposing, the 
jubilee of the life-work of a sovereign in science (Lord Kelvin). 
But while we cannot be astonished that the centenary of Jenner’s 
immortal discovery should have failed to receive general recog¬ 
nition in this country, it is melancholy to think that this year 
should, in his native county, have been distinguished by a 
terrible illustration of the results which would sooner or later 
inevitably follow' the general neglect of his prescriptions. 

I have no desire to speak severely of the Gloucester Guardians. 
They are not sanitary authorities, and had not the technical 
knowledge necessary to enable them to judge betw'een the teach¬ 
ings of true science and the declamations of misguided, though 
well-meaning, enthusiasts. They did what they believed to be 
right; and when roused to a sense of the greatness of their mis¬ 
take, they did their very best to repair it, so that their city is 
said to be now.the best vaccinated in her Majesty’s dominions. 
But, though by their praiseworthy exertions they succeeded in 
promptly checking the raging epidemic, they cannot recall the 
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dead to life, or restore beauty to marred features, or sight to 
blinded eyes. Would that the entire country and our Legislature 
might take duly to heart this object-lesson ! 

How' completely the medical profession were convinced of the 
efficacy of vaccination in the early part of this century, was 
strikingly illustrated by an account given by Prof. Crookshank, 
in his interesting history of this subject, of several eminent 
medical men in Edinburgh meeting to see the (to them) unprece¬ 
dented fact of a vaccinated person having taken small-pox. It 
has, of course, since become w ? ell known that the milder form of 
the disease, as modified by passing through the cow, confers a 
less permanent protection than the original human disorder. 
This it was, of course, impossible for Jenner to foresee. It is, 
indeed, a question of degree, since a second attack of ordinary 
small-pox is occasionally known to occur; and vaccination, 
long after it has ceased to give perfect immunity, greatly 
modifies the character of the disorder, and diminishes its 
danger. And, happily, in re-vaccination after a certain number 
of years we have the means of making Jenner’s work complete. 
I understand that the majority of the Commissioners, who have 
recently issued their report upon this subject, while recognising 
the value and importance of re-vaccination, are so impressed 
w'ith the difficulties that would attend making it compulsory by 
legislation that they do not recommend that course ; although it 
is advocated by two of their number who are of peculiarly high 
authority on such a question. I was lately told by a Berlin pro¬ 
fessor that no serious difficulty is experienced in carrying out the 
compulsory law T that prevails in Germany. The masters of the 
schools are directed to ascertain in the case of every child 
attaining the age of twelve w'hether re-vaccination has been 
practised. If not, and the parents refuse to have it done, they 
are fined one mark. If this does not prove effectual, the fine is 
doubled ; and if even the double penalty should not prove 
efficacious, a second doubling of it would follow'; but, as my 
informant remarked, it is very seldom that it is called for. The 
result is that small-pox is a matter of extreme rarity in that 
country, w'hile it is absolutely unknown in the huge German 
army, in consequence of the rule that every soldier is re¬ 
vaccinated on entering the service. Whatever view our Legis¬ 
lature may take on this question, one thing seems to me 
clear : that it will be the duty of Government to encourage by 
every available means the use of calf lymph, so as to exclude the 
possibility of the communication of any human disease to the 
child, and to institute such efficient inspection of vaccination 
institutes as shall ensure careful antiseptic arrangements, and so 
prevent contamination by extraneous microbes. If this were 
done, “conscientious objections” would cease to have any 
rational basis. At the same time, the administration of the 
regulations on vaccination should be transferred (as advised by 
the Commissioners) to competent sanitary authorities. 

But to return to Pasteur. In 1880 he entered upon the study 
of that terrible but then most obscure disease, hydrophobia or 
rabies, which from its infective character he was sure must be 
of microbic origin, although no micro-organism could be 
detected in it. He early demonstrated the new pathological 
fact that the virus had its essential seat in the nervous system. 
This proved the key to his success in this subject. One result 
that flowed from it has been the cause of unspeakable consola¬ 
tion to many. The foolish practice is still too prevalent of 
killing the dog that has bitten any one, on the absurd notion 
that, if it were mad, its destruction would prevent the occur¬ 
rence of hydrophobia in the person bitten. The idea of the bare 
possibility of the animal having been so affected causes an agony 
of suspense during the long w'eeks or months of possible 
incubation of the disease. Very serious nervous symptoms 
aping true hydrophobia have been known to result from 
the terror thus, inspired. Pasteur showed that if a little 
of the brain or spinal cord of a dog that had been really mad 
was inoculated in an appropriate manner into a rabbit, it 
infallibly caused rabies in that animal in a few days. If, there¬ 
fore, such an experiment was made with a negative result, the 
conclusion might be draw'n with certainty that the dog had been 
healthy. It is perhaps right that I should say that the inocula- 
lation is painlessly done under an anaesthetic, and that in the 
rabbit rabies does not assume the violent form that it does in 
the dog, but produces gradual loss of power with little if any 
suffering. 

This is the more satisfactory because rabbits in which the 
disease has been thus artificially induced are employed in carry¬ 
ing out what was Pasteur’s greatest triumph, the preventive 
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treatment of hydrophobia in the human subject. We have seen 
that Pasteur discovered that microbes might under some circum¬ 
stances undergo mitigation of their virulence. Tie afterwards 
found that under different conditions they might have it exalted, 
or, as he expressed it, there might be a renforcement du virus. 
Such proved to be the case with rabies in the rabbit ; so 
that the spinal cords of animals which had died of it contained 
the poison in a highly intensified condition. But he also found 
that if such a highly virulent cord was suspended under strict 
antiseptic precautions in a dryatmosphere at a certain temperature, 
it gradually from day to day lost in potency, till in course of time 
it became absolutely inert. If now an emulsion of such a harmless 
cord was introduced under the skin of an animal, as in the subcu¬ 
taneous administration of morphia, it might be followed without 
harm another day by a similar dose of a cord still rather poisonous; 
and so from day to day stronger and stronger injections might be 
used, the system becoming gradually accustomed to the poison, 
till a degree of virulence had been reached far exceeding that 
of the bite of a mad dog. When this had been attained, the 
animal proved incapable of taking the disease in the ordinary 
way; and more than that, if such treatment was adopted after 
an animal had already received the poison, provided that too 
long a time had not elapsed, the outbreak of the disease was 
prevented. It was only after great searching of heart that 
Pasteur, after consultation with some trusted medical friends, 
ventured upon trying this practice upon man. It has since 
been extensively adopted in various parts of the world with 
increasing success as the details of the method were improved. 
It is not of course the case that every one bitten by a really 
rabid animal takes the disease ; but the percentage of those who 
do so, which was formerly large, has been reduced almost to 
zero by this treatment, if not too long delayed. 

While the intensity of rabies in the rabbit is undoubtedly due 
to a peculiarly virulent form of the microbe concerned, we 
cannot suppose that the daily diminishing potency of the cord 
suspended in dry warm air is an instance of attenuation of virus, 
using the term virus” as synonymous with the microbe con¬ 
cerned. In other words, we have no reason to believe that the 
special micro-organism of hydrophobia continues to develop in 
the dead cord and produce successively a milder and milder 
progeny, since rabies cannot be cultivated in the nervous system 
of a dead animal. We must rather conclude that there must 
be some chemical poison present which gradually loses its potency 
as time passes. And this leads me to refer to another most 
important branch of this large subject of bacteriology, that of 
the poisonous products of microbes. 

It was shown several years ago by Roux and Yersin, working 
in the Institut Pasteur, that the crust or false membrane which 
forms upon the throats of patients affected with diphtheria con¬ 
tains bacteria which can be cultivated outside the body in a 
nutrient liquid, with the result that it acquires poisonous quali¬ 
ties of astonishing intensity, comparable to that of the secretion 
of the poison-glands of the most venomous serpents. And they 
also ascertained that the liquid retained this property after the 
microbes had been removed from it by filtration, which proved 
that the poison must be a chemical substance in solution, as 
distinguished from the living element which had produced it. 
These poisonous products of bacteria, or toxins as they have 
been termed, explain the deadly effects of some microbes, which 
it would otherwise be impossible to understand. Thus, in 
diphtheria itself the special bacillus which was shown by Loffler 
to be its cause, does not become propagated in the blood, like 
the microbe of chicken cholera, but remains confined to the 
surface on which it first appeared; but the toxin which it 
secretes is absorbed from that surface into the blood, and so 
poisons the system. Similar observations have been made with 
regard to the microbes of some other diseases, as, for example, 
the bacillus of tetanus or lockjaw. This remains localised in 
the wound, but forms a special toxin of extreme potency, which 
becomes absorbed and diffused through the body. 

Wonderful as it seems, each poisonous' microbe appears to 
form its own peculiar toxin. Koch’s tuberculin was of this 
nature, a product of the growth of the tubercle bacillus in 
culture media. Here, again, great effects were produced by 
extremely minute quantities of the substance, but here a new 
peculiarity showed itself, viz. that patients affected with 
tubercular disease, in any of its varied forms, exhibited in¬ 
flammation in the affected part and general fever after receiving 
under the skin an amount of the material which had no effect 
whatever upon healthy persons. I witnessed in Berlin some 
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instances of these effects, which were simply astounding. 
Patients affected with a peculiar form of obstinate ulcer of the 
face showed, after a single injection of the tuberculin, violent 
inflammatory redness and swelling of the sore and surrounding 
skin ; and, what was equally surprising, when this disturbance 
subsided the disease was found to have undergone great improve¬ 
ment. By repetitions of such procedures, ulcers which had 
previously been steadily advancing, in spite of ordinary treat¬ 
ment, became greatly reduced in size, and in some instances 
apparently cured. Such results led Koch to believe that he had 
obtained an effectual means of dealing with tnbercular disease in 
all its forms. Unhappily, the apparent cure proved to be only of 
transient duration, and the high hopes which had been inspired 
by Koch’s great reputation was dashed. It is but fair to say 
that he was strongly urged to publish before he was himself 
disposed to do, and we cannot but regret that he yielded to the 
pressure put upon him. 

But though Koch’s sanguine anticipations were not realised, 
it would be a great mistake to suppose that his labours with 
tuberculin have been fruitless. Cattle are liable to tubercle, 
and, when affected with it, may become a very serious source 
of infection for human beings, more especially when the disease 
affects the udders of cows, and so contaminates the milk. By 
virtue of the close affinity that prevails between the lower animals 
and ourselves, in disease as well as in health, tuberculin pro¬ 
duces fever in tubercular cows in doses which do not affect 
healthy beasts. Thus, by the subcutaneous use of a little of 
the fluid, tubercle latent in internal organs of an apparently 
healthy cow can be with certainty revealed, and the slaughter 
of the animal after this discovery protects man from infection. 

It has been ascertained that glanders presents a precise 
analogy with tubercle as regards the effects of its toxic product. 
If the microbe which has been found to be the cause of this 
disease is cultivated in appropriate media, it produces a poison 
which has received the name of mallein, and the subcutaneous 
injection of a suitable dose of this fluid into a glandered horse 
causes striking febrile symptoms which do not occur in a healthy 
animal. Glanders, like tubercle, may exist in insidious latent 
forms which there was formerly no means of detecting, but which 
are at once disclosed by this means. If a glandered horse has 
been accidentally introduced into a large stable, this method of 
diagnosis surely tells if it has infected others. All receive a 
little mallein. Those which become affected with fever are 
slaughtered, and thus not only is the disease prevented from 
spreading to other horses, but the grooms are protected from 
a mortal disorder. 

This valuable resource sprang from Koch’s work on tuberculin, 
which has also indirectly done good in other ways. His 
distinguished pupil, Behring, has expressly attributed to those 
researches the inspiration of the work which led him and his 
since famous collaborates, the Japanese Kitasato, to their 
surprising discovery of anti-toxic serum. They found that if an 
animal of a species liable to diphtheria or tetanus received a 
quantity of the respective toxin, so small as to be harmless, and 
afterwards, at suitable intervals, successively stronger and 
stronger doses, the creature, in course of time, acquired such a 
tolerance for the poison as to be able to receive with impunity 
a quantity very much greater than would at the outset have 
proved fatal. So far, we have nothing more than seems 
to correspond with the effects of the increasingly potent 
cord in Pasteur’s treatment of rabies. But what was 
entirely new in their results was that, if blood was drawn 
from an animal which had acquired this high degree of 
artificial immunity, and some of the clear fluid or serum which 
exuded from it after it had clotted was introduced under the 
skin of another animal, this second animal acquired a strong, 
though more transient, immunity against the particular toxin 
concerned. The serum in some way counteracted the toxin or 
was antitoxic. But, more than that, if some of the antitoxic 
serum was applied to an animal after it had already received a 
poisonous dose of the toxin, it preserved the life of the creature, 
provided that too long a time had not elapsed after the poison 
was introduced. In other words, the antitoxin proved to be not 
only preventive but curative. 

Similar results were afterwards obtained by Ehrlich, of Berlin, 
with some poisons not of bacterial origin, but derived from the 
vegetable kingdom ; and quite recently the independent labours 
of Calmette of Lille and Fraser of Edinburgh have shown that 
antidotes of wonderful efficacy against the venom of serpents 
may be procured on the same principle. Calmette has obtained 
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antitoxin so powerful that a quantity of it only a 200,000th part 
of the weight of an animal will protect it perfectly against a dose 
of the secretion of the poison glands of the most venomous ser¬ 
pents known to exist, which without such protection would 
have proved fatal in four hours. For curative purposes larger 
quantities of the remedy are required, but cases have been 
already published by Calmette in which death appears to have 
been averted in the human subject by this treatment. 

Behring’s darling object was to discover means of curing 
tetanus and diphtheria in man. In tetanus the conditions are 
not favourable; because the specific bacilli lurk in the depths of 
the wound, and only declare their presence by symptoms caused 
by their toxin having been already in a greater or less amount 
diffused through the system ; and in every case of this disease 
there must be a fear that the antidote may be applied too late 
to be useful. But in diphtheria the bacilli very early manifest 
their presence by the false membrane which they cause upon the 
throat, so that the antitoxin has a fair chance ; and here we are 
justified in saying that Behring’s object has been attained. 

The problem, however, was by no means so simple as in the 
case of some mere chemical poison. However effectual the 
antitoxin might be against the toxin, if it left the bacilli intact, 
not only would repeated injections be required to maintain the 
transient immunity to the poison perpetually secreted by the 
microbes, but the bacilli might by their growth and extension 
cause obstruction of the respiratory passages. 

Roux, however, whose name must always be mentioned with 
honour in relation to this subject, effectually disposed of this 
difficulty. He showed by experiments on animals that a 
diphtheritic false membrane, rapidly extending and accompanied 
by surrounding inflammation, was brought to a stand by the use 
of the antitoxin, and soon dropped off, leaving a healthy sur¬ 
face. Whatever be the explanation, the fact was thus established 
that the antitoxic serum, while it renders the toxin harmless, 
causes the microbe to languish and disappear. 

No theoretical objection could now be urged against the treat¬ 
ment ; and it has during the last two years been extensively 
tested in practice in various parts of the world, and it has 
gradually made its way more and more into the confidence of 
the profession. One important piece of evidence in its favour 
in this country is derived from the report of the six large hospitals 
under the management of the London Asylums Board. The 
medical officers of these hospitals at first naturally regarded the 
practice with scepticism ; but as it appeared to be at least harm¬ 
less, they gave it a trial; and during the year 1895 it was very 
generally employed upon the 2182 cases admitted ; and they have 
all become convinced of its great value. In the nature of things, 
if the theory of the treatment is correct, the best results imust 
be obtained when the patients are admitted at an early stage of 
the attack, before there has been time for much poisoning of the 
system ; and accordingly we learn from the report that, com¬ 
paring 1895 with 1894, during which latter year the ordinary 
treatment had been used, the percentage of mortality, in all the 
six hospitals combined, among the patients admitted on the 
first day of the disease, which in 1894 was 22-5, was only 4-6 
in 1895 i while for those admitted on the second day the num¬ 
bers are 27 for 1894 and 14-8 for 1895. Thus for cases admitted 
on the first day the mortality was only one-fifth of what it was 
in the previous year, and for those entering on the second it was 
halved. Unfortunately, in the low parts of London, which fur¬ 
nish most of these patients, the parents too often delay sending in 
the children till much later : so that on the average no less than 
67 5 per cent, were admitted on the fourth day of the disease or 
later. Hence the aggregate statistics of all cases are not nearly so 
striking. Nevertheless, taking it altogether, the mortality in 
1895 was less than had ever before been experienced in those 
hospitals. I should add that there was no reason to think that 
the disease was of a milder type than usual in 1895 ! and no 
change whatever was made in the treatment except as regards 
the antitoxic injections. 

There is one piece of evidence recorded in the report which, 
though it is not concerned with high numbers, is well worthy of 
notice. It relates to a special institution to which convalescents 
from scarlet fever are sent from all the six hospitals. Such 
patients occasionally contract diphtheria, and when they do so 
the added disease has generally proved extremely fatal. In the 
five years preceding the introduction of the treatment with anti¬ 
toxin the mortality from this cause had never been less than 
50 per cent., and averaged on the whole 61 "9 per cent. During i 
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1895, under antitoxin, the deaths among the 119 patients of this 
class were only 7*5 per cent., or one-eighth of what had been 
previously experienced. This very striking result seems to be 
naturally explained by the fact that these patients being already 
in hospital when the diphtheria appeared, an unusually early 
opportunity was afforded for dealing with it. 

There are certain cases of so malignant a character from the 
first that no treatment will probably ever be able to cope with 
them. But taking all cases together it seems probable that 
Behring’s hope that the mortality may be reduced to 5 per cent, 
will be fully realised when the public become alive to the para¬ 
mount importance of having the treatment commenced at the 
outset of the disease. 

There are many able workers in the field of Bacteriology 
whose names time does not permit me to mention, and to whose 
important labours I cannot refer ; and even those researches of 
which I have spoken have been, of course, most inadequately 
dealt with. I feel this especially with regard to Pasteur, whose 
work shines out more brightly the more his writings are perused. 

I have lastly to bring before you a subject which, though not 
bacteriological, has intimate relations with bacteria. If a drop 
of blood is drawn from the finger by a prick with a needle and 
examined microscopically between two plates of glass, there are 
seen in it minute solid elements of two kinds, the one pale 
orange bi-concave discs, which, seen in mass, give the red 
colour to the vital fluid, the other more or less granular spherical 
masses of the soft material called protoplasm, destitute of 
colour, and therefore called the colourless or white corpuscles. 
It has been long known that if the microscope was placed at 
such a distance from a fire as to have the temperature of the 
human body, the white corpuscles might be seen to put out and 
retract little processes or pseudopodia, and by their 

means crawl over the surface of the glass, just like 
the extremely low forms of animal life termed, from 
this faculty of changing their form, amoebae. It was 
a somewhat weird spectacle, that of seeing what had 
just before been constituents of our own blood moving 
about like independent creatures. Yet there was nothing in 
this inconsistent with what we knew of the fixed components of 
the animal frame. For example, the surface of a frog’s tongue 
is covered with a layer of cells, each of which is provided with 
two or more lashing filaments or cilia, and those of all the cells 
acting in concert cause a constant flow of fluid in a definite 
direction over the organ. If we gently scrape the surface of 
the animal’s tongue, we can detach some of these ciliated cells; 
and on examining them with the microscope in a drop of 
water, we find that they will continue for an indefinite time 
their lashing movements, which are just as much living or vital 
in their character as the writhings of a worm. And as I 
observed many years ago, these detached cells behave under the 
influence of a stimulus just like parts connected with the body, 
the movements of the cilia being excited to greater activity by 
gentle stimulation, and thrown into a state of temporary 
inactivity when the irritation was more severe. Thus each con¬ 
stituent element of our bodies may be regarded as in one sense 
an independent living being, though all work together in 
marvellous harmony for the good of the body politic. The 
independent movements of the white corpuscles outside the 
body were therefore not astonishing ; but they long remained 
matters of mere curiosity. Much interest was called to them by 
the observation of the German pathologist Cohnheim that in some 
inflammatory conditions they passed through the pores in the 
walls of the finest blood-vessels, and thus escaped into the inter¬ 
stices of the surrounding tissues. Cohnheim attributed their 
transit to the pressure of the blood. But why it was that, 
though larger than the red corpuscles, and containing a nucleus 
which the red ones have not, they alone passed through the 
pores of the vessels, or why it was that this emigration of the 
white corpuscles occurred abundantly in some inflammations and 
was absent in others, was quite unexplained. 

These white corpuscles, however, have been invested with ex¬ 
traordinary new interest by the researches of the Russian 
naturalist and pathologist, Metchnikoff. He observed that, 
after passing through the walls of the vessels, they not only 
crawl about like amcebse, but, like them, receive nutritious 
materials into their soft bodies and digest them. It is thus that 
the effete materials of a tadpole’s tail are got rid of; so that 
they play a most important part in the function of absorption. 

But still more interesting observations followed. He found 
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that a microscopic crustacean, a kind of water-flea, was liable to 
be infested by a fungus which had exceedingly sharp-pointed 
spores. These were apt to penetrate the coats of the creature s 
intestine, and project into its body-cavity. No sooner did this 
occur with any spore than it became surrounded by a group of 
the cells which are contained in the cavity of the body and 
correspond to the white corpuscles of our blood. These pro¬ 
ceeded to attempt to devour the spore ; and if they succeeded, in 
every such case the animal was saved from the invasion of the 
parasite. But if the spores were more than could be disposed 
of by the devouring cells (phagocytes, as Metchnikoff termed 
them), the water-flea succumbed. 

Starting from this fundamental observation, he ascertained 
that the microbes of infective diseases are subject to this same 
process of devouring and digestion, carried on both by the white 
corpuscles and by cells that line the blood-vessels. And by a 
long series of most beautiful researches he has, as it appears to 
me, firmly established the great truth that phagocytosis is the 
main defensive means possessed by the living body against the 
invasions of its microscopic foes. The power of the system to 
produce antitoxic substances to counteract the poisons of 
microbes is undoubtedly in its own place of great importance. 
But in the large class of cases in which animals are naturally 
refractory to particular infective diseases the blood is not found 
to yield any antitoxic element by which the natural immunity 
can be accounted for. Here phagocytosis seems to be the sole 
defensive agency. And even in cases in which the serum does 
possess antitoxic, or, as it would seem in some cases, germicidal 
properties, the bodies of the dead microbes must at last be got 
rid of by phagocytosis, and some recent observations would 
seem to indicate that the useful elements of the serum may be, 
in part at least, derived from the digestive juices of the 
phagocytes. If ever there was a romantic chapter in pathology, 
it has surely been that of the story of phagocytosis. 

I was myself peculiarly interested by these observations of 
MetchnikofPs, because they seemed to me to afford, clear ex¬ 
planation of the healing of wounds by first intention under 
circumstances before incomprehensible. This primary union 
was sometimes seen to take place in wounds treated with water¬ 
dressing—that is to say, a piece of wet lint covered with a layer 
of oiled-silk to keep it moist. This, though cleanly when applied, 
was invariably putrid within twenty-four hours. The layer of 
blood between the cut surfaces was thus exposed at the outlet 
of the wound to a most potent septic focus. How was it pre¬ 
vented from putrefying, as it would have done under such in¬ 
fluence if, instead of being between divided living tissues, it had 
been between plates of glass or other indifferent material? 
Pasteur’s observations pushed the question a step further. It 
now was, ITow were the bacteria of putrefaction kept from pro¬ 
pagating in the decomposable film ? Metchnikoffs phagocytosis 
supplied the answer. The blood between the lips of the wound 
became rapidly peopled with phagocytes, which kept guard 
against the putrefactive microbes, and seized them as they 
endeavoured to enter. 

If phagocytosis was ever able to cope with septic microbes in 
so concentrated and intense a form, it could hardly fail to deal 
effectually with them in the very mitigated condition in which 
they are present in the air. We are thus strongly confirmed in 
our conclusion that the atmospheric dust may safely be dis¬ 
regarded in our operations ; and Metchnikoff's researches, while 
they have illumined the whole pathology of infective diseases, 
have beautifully completed the theory of antiseptic treatment 
in surgery. 

I might have taken equally striking illustrations of my theme 
from other departments in which microbes play no part. In 
fact, any attempt to speak of all that the art of healing has 
borrowed from science and contributed to it during the past 
half-century, would involve a very extensive dissertation on 
pathology and therapeutics. I have culled specimens from a 
wide field ; and I only hope that in bringing them before you I 
have not overstepped the bounds of what is fitting before a 
mixed company. For many of you my remarks can have had 
little, if any, novelty; for others they may perhaps possess some 
interest as showing that Medicine is no unworthy ally of the 
British Association ; that, while her practice is ever more and 
more based on science, the ceaseless efforts of her votaries to 
improve what has been fittingly designated Qua; prosunt 
omnibus antes, are ever adding largely to the sum of abstract 
knowledge. 
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SECTION A. 

mathematics and physics. 

Opening Address by Prof. J. J. Thomson, F.R.S., 

Presidf.nt of the Section. 

There is a melancholy reminiscence connected with this 
meeting of our Section, for when the British Association last 
met in Liverpool the chair in Section A was occupied by Clerk- 
Maxwell. In the quarter of a century which has elapsed since 
that meeting, one of the most important advances made in our 
science has been the researches which, inspired by Maxwells 
view of electrical action, confirmed that view, and revolutionised 
our conception of the processes occurring in the Electro-magnetic 
field. When the Association last met in Liverpool Maxwell s 
view was almost without supporters, to-day its opponents are 
fewer than its supporters then. Maxwell’s theory, which is the 
development and extension of Baradays, has not only affected 
our way of regarding the older phenomena of electricity, it has, 
in the hands of Hertz and others, led to the discovery of whole 
regions of phenomena previously undreamt of. It is sad to 
think that his premature death prevented him from reaping the 
harvest he had sown. His writings are, however, with us, and 
are a storehouse to which we continually turn, and never, I 
think, without finding something valuable and suggestive. 

“ Thus ye teach us day by day, 

Wisdom, though now far away.” 

The past year has been rich in matters of interest to physicists. 
In it has occurred the jubilee of Lord Kelvin s tenure of the 
Professorship of Natural Philosophy at the University of Glasgow. 
Some of us were privileged to see this year at Glasgow an event 
unprecedented in the history of physical science in England, 
when congratulations to Lord Kelvin on the jubilee of his pro¬ 
fessorship were offered by people of every condition and country. 
Every scientific society and every scientific man is Lord Kelvin s 
debtor ; but no society and no body of men owe him a greater 
debt than Section A of the British Association ; he has done 
more for this Section than any one else, he has rarely missed its 
meetings, he has contributed to the Section papers which will 
make its proceedings imperishable, anil by his enthusiasm he 
lias year by year inspired the workers in this Section to renew 
with increased vigour their struggles to penetrate the seciets of 
nature. Long may we continue to receive from him the en¬ 
couragement and assistance which have been so lreely given for 
the past half-century. , , _ , 

By the death of Sir W. R. Grove, the inventor of Grove s 
cell, we have lost a physicist whose name is a familiar one in 
every laboratory in the world. Besides the Grove cell, we owe 
to him the discovery of the gas battery, and a series of researches 
on the electrical behaviour of gases, whose importance is only 
now beginning to be appreciated. His essay on the corielation 
of the physical forces had great influence in promoting that 
belief in the unity of the various branches of physics which is 
one of the characteristic features of modern natural philosophy. 

In the late Prof. Stoletow, of Moscow, we have lost the 
author of a series of most interesting researches on the electrical 
properties of gases illuminated by ultra-violet light, researches 
which, from their place of publication, are, I am afraid, not so 
well known in this country as they deserve to be. 

As one who unfortunately of late years has had only too many 
opportunities of judging of the teaching of science in our public 
and secondary schools, I should like to bear testimony to the 
great improvement which has taken place in the teaching of 
physics in these schools during the past ten years. The standard 
attained in physics by the pupils of these schools is increasing 
year by year, and great credit is due to those by whose labours 
this improvement has been accomplished. I hope I may not be 
considered ungrateful if I express the opinion that in the zeal and 
energy which'is now spent in the teaching of physics in schools, 
there may lurk a temptation to make the pupils cover too much 
ground. You may by careful organisation and arrangement 
ensure that boys shall be taken over many branches of physics 
in the course of a short time ; it is indeed not uncommon to find 
boys of seventeen or eighteen who have compassed almost the 
whole range of physical subjects. But although you may 
increase the rate at which information is acquired, you cannot 
increase in anything like the same proportion the rate at which 
the subject is assimilated, so as to become a means of strengthen¬ 
ing the mind and a permanent mental endowment when the 
facts have long been forgotten. 
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Physics can be taught so as to be a subject of the greatest 
possible educational value, but when it is so it is not so much 
because the student acquires a knowledge of a number of 
interesting and important facts, as by the mental training the 
study affords in, as Maxwell said, “bringing out theoretical 
knowledge to bear on the objects and the objects on our 
theoretical knowledge. 55 I think this training can be got better 
by going very slowly through such a subject as mechanics, 
making the students try innumerable experiments of the simplest 
and, what is a matter of importance in school teaching, of the 
most inexpensive kind, but always endeavouring to arrive at 
numerical results, rather than by attempting to cover the whole 
range of mechanics, light, heat, sound, electricity, and magnet¬ 
ism. I confess I regret the presence in examinations intended 
for school boys of many of these subjects. 

I think, too, that in the teaching of physics at our universities, 
there is perhaps a tendency to make the course too complex and 
too complete. I refer especially to the training of those students 
who intend to become physicists. I think that after a student 
has been trained to take accurate observations, to be alive to 
those pitfalls and errors to which all experiments are liable, 
mischief may in some cases be done if, with the view of learning 
a knowledge of methods, he is kept performing elaborate 
experiments, the results of which are well known. It is not 
given to many to wear a load of learning lightly as a flower. 
With many students a load of learning, especially if it takes a 
long time to acquire, is apt to crush enthusiasm; Now, there is, 
I think, hardly any quality more essential to success in physical 
investigations than enthusiasm. Any investigation in experi¬ 
mental physics requires a large expenditure of both time and 
patience ; the apparatus seldom, if ever, begins by behaving as 
it ought; there are times when all the forces of nature, all the 
properties of matter, seem to be fighting against us ; the instru¬ 
ments behave in the most capricious way, and we appreciate 
Coutts Trotter’s saying, that the doctrine of the constancy of 
nature could never have been discovered in a laboratory. These 
difficulties have to be overcome, but it may take weeks or 
months to do so, and, unless the student is enthusiastic, he is 
apt to retire disheartened from the contest. I think, therefore, 
that the preservation of youthful enthusiasm is one of the most 
important points for consideration in the training of physicists. 
In my opinion this can best be done by allowing the student, 
even before he is supposed to be acquainted with the 
whole of physics, to begin some original research of a 
simple kind under the guidance of a teacher who will en¬ 
courage him and assist in the removal of difficulties. If the 
student once tastes the delights of the successful completion of 
an investigation, he is not likely to go back, and will be better 
equipped for investigating the secrets of nature than if, like the 
White Knight of “ Alice in Wonderland,” he commences his 
career knowing how to measure or weigh every physical quantity 
under the sun, but with little desire or enthusiasm to have any¬ 
thing to do with any of them. Even for those students who 
intend to devote themselves to other pursuits than physical in¬ 
vestigation, the benefits derived from original investigation as 
a means of general education can hardly be over-estimated, the 
necessity it entails of independent thought, perseverance in 
overcoming difficulties, and the weighing of evidence gives it an 
educational value which can hardly be rivalled. We have to 
congratulate ourselves that, through the munificence of Mr. 
Ludwig Mond, in providing and endowing a laboratory for 
research, the opportunities for pursuing original investigations 
in this country have been greatly increased. 

The discovery at the end of last year by Prof. Rontgen of a 
new kind of radiation from a highly exhausted tube through 
which an electric discharge is passing, has aroused an amount 
of interest unprecedented in the history of physical science. 
The effects produced inside such a tube by the kathode rays, the 
bright phosphorescence of the glass, the shadows thrown by 
opaque objects, the deflection of the rays by a magnet, have, 
thanks to the researches of Crookes and Goldstein, long been 
familiar to us, but it is only recently that the remarkable effects 
which occur outside such a tube have been discovered. In 1893, 
Lenard, using a tube provided with a window made of a very 
thin plate of aluminium, found that a screen impregnated with 
a solution of a phosphorescent substance became luminous if 
placed outside the tube in the prolongation of the line from the 
kathode through the aluminium window. He also found that 
photographic plates placed outside the tube in this line were 
affected, and electrified bodies were discharged ; he also ob- 
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tained by these rays photographs through plates of aluminium 
or quartz. He found that the rays were affected by a magnet, and 
regarded them as the prolongations of the kathode rays. This 
discovery was at the end of last year followed by that of Rontgen, 
who found that the region round the discharge tube is traversed by 
rays which affect a photographic plate after passing through sub¬ 
stances such as aluminium or cardboard, which are opaque to or¬ 
dinary light; which pass from one substance to another, without 
any refraction, and with but little regular reflection ; and w r hich are 
not affected by a magnet. We may, I think, for the purposes 
of discussion, conveniently divide the rays occurring in or near a 
vacuum tube traversed by an electric current into three classes, 
without thereby implying that they are necessarily distinctly 
different in physical character. We have (1) the kathode rays 
inside the tube, which are deflected by a magnet; (2) the Lenard 
rays outside the tube, which are also deflected by a magnet; and 
(3) the Rontgen rays, which are not, as far as is known, deflected 
by a magnet. Two views are held as to the nature of the 
kathode rays ; one view is, that they are particles of gas carrying 
charges of negative electricity, and moving with great velocities 
which they have acquired as they travelled through the intense 
electric field which exists in the neighbourhood of the negative 
electrode. The phosphorescence of the glass is on this view 
produced by the impact of these rapidly moving charged particles, 
though whether it is produced by the mechanical violence of the 
impact, or whether it is due to an electro-magnetic impulse 
produced by the sudden reversal of the velocity of the negatively 
charged particle—whether, in fact, it is due to mechanical or 
electrical causes, is an open question. This view of the con¬ 
stitution of the kathode rays explains in a simple way the 
deflection of those rays in a magnetic field, and it has lately 
received strong confirmation from the results of an experiment 
made by Perrin. Perrin placed inside the exhausted tube a 
cylindrical metal vessel with a small hole in it, and connected 
this cylinder with the leaves of a gold-leaf electroscope. The 
kathode rays could, by means of a magnet, be guided so 
as either to pass into the cylinder through the aperture, or 
turned quite away from it. Perrin found that when the kathode 
rays passed into the cylinder the gold leaf of the electro¬ 
scope diverged, and had a negative charge, showing that the 
bundle of kathode rays enclosed by the cylinder had a charge 
of negative electricity. Crookes had many years ago exposed a 
disc connected with a gold-leaf electroscope to the bombardment 
of the kathode rays, and found that the disc received a slight positive 
charge ; with this arrangement, however, the charged particles 
had to give up their charges to the disc if the gold leaves of the 
electroscope were to be affected, and we know that it is extremely 
difficult, if not impossible, to get electricity out of a charged 
gas merely by bringing the gas in contact with a metal. Lord 
Kelvin’s electric strainers are an example of this. It is a 
feature of Perrin’s experiment that since it acts by induction, 
the indications of the electroscope are independent of the com¬ 
munication of the charges of electricity from the gas to the 
cylinder, and since the kathode rays fall on the inside of the 
cylinder, the electroscope would not be affected, even if there 
were such an effect as is produced when ultra-violet light falls 
upon the surface of an electro-negative metal when the metal 
acquires a positive charge. Since any such process cannot 
affect the total amount of electricity inside the cylinder, it will 
not affect the gold leaves of the electroscope ; in fact, Perrin’s 
experiments prove that the kathode rays carry a charge of 
negative electricity. 

The other view held as to the constitution of the kathode 
rays is that they are waves in the ether. It would seem difficult 
to account for the result of Perrin’s experiment on this view, and 
also I think very difficult to account for the magnetic deflection 
of the rays. Let us take the case of a uniform magnetic field : 
the experiments which have been made on the magnetic deflec¬ 
tion of these rays seem to make it clear that in a magnetic field 
which is sensibly uniform, the path of these rays is curved ; 
now if these rays were due to ether waves, the curvature of the 
path would show that the velocity of propagation of these waves 
varied from point to point of the path. That is, the velocity 
of propagation of these waves is not only affected by the 
magnetic field, it is affected differently at different parts of the 
field. But in a uniform field what is there to differentiate one 
part from another, so as to account for the variability of the 
velocity of wave propagation in such a field ? The cur¬ 
vature of the path in a uniform field could not be accounted 
for by supposing that the velocity of this wave motion 
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depended on the strength of the magnetic field, or that 
the magnetic field, by distorting the shape of the 
boundary of the negative dark space, changed the direction of 
the wave front, and so produced a deflection of the rays. The 
chief reason for supposing that the kathode rays are a species of 
wave motion is afforded by Lenard’s discovery, that when the 
kathode rays in a vacuum tube fall on a thin aluminium window 
in the tube, rays having similar properties are observed on the 
side of the window outside the tube ; this is readily explained on 
the hypothesis that the rays are a species of wave motion to 
which the window is partially transparent, while it is not very 
likely that particles of the gas in the tube could force their way 
through a piece of metal. This discovery of Lenard’s does 
not, however, seem to me incompatible with the view that 
the kathode rays are due to negatively charged particles moving 
with high velocities. The space outside Lenard’s tube must 
have been traversed by Rontgen rays, these would put the 
surrounding gas in a state in which a current would be readily 
started in the gas if any electromotive force acted upon it. Now, 
though the metal window in Lenard’s experiments was connected 
with the earth, and would, therefore, screen off from the outside 
of the tube any effect arising from slow electrostatic changes in 
the tube, it does not follow that it would be able to screen off 
the electrostatic effect of charged particles moving to and from 
the tube with very great rapidity. For in order to screen off 
electrostatic effects, there must be a definite distribution of 
electrification over the screen; changes in this distribution, 
however, take a finite time, which depends upon the dimensions 
of the screen and the electrical conductivity of the material of 
which it is made. If the electrical changes in the tube take 
place at above a certain rate, the distribution of electricity on 
the screen will not have time to adjust itself, and the screen will 
cease to shield off all electrostatic effects. Thus the very rapid 
electrical changes which would take place if rapidly moving 
charged bodies were striking against the window, might give 
rise to electromotive forces in the region outside the window, 
and produce convection currents in the gas which has been made 
a conductor by the Rontgen rays. The Lenarcl rays would thus 
be analogous in character to the kathode rays, both being j 
convective currents of electricity. Though there are some points 
in the behaviour of these Lenard rays which do not admit of a 
very ready explanation from this point of view', yet the 
difficulties in its way seem to me considerably less than that of 
supposing that a wave in the ether can change its velocity when 
moving from point to point in a uniform magnetic field. 

I now pass on to the consideration of the Rontgen rays. We 
are not yet acquainted with any crucial experiment which shows 
unmistakably that these rays are waves of transverse vibration in 
the ether, or that they are waves of normal vibration, or indeed 
that they are vibrations at all. As a working hypothesis, how¬ 
ever, it may be worth while considering the question whether 
there is any property known to be possessed by these rays which 
is not possessed by some form or other of light. The many 
forms of light have in the last few months received a noteworthy 
addition by the discovery of M. Becquerel of an invisible radia¬ 
tion, possessing many of the properties of the Rontgen rays, 
which is emitted by many fluorescent substances, and to an 
especially marked extent by the uranium salts. By means of 
this radiation, which, since it can be polarised, is unquestionably 
light, photographs through opaque substances similar to, though 
not so beautiful as, those obtained by means of Rontgen rays, 
can be taken, and, like the Rontgen rays, they cause an elec¬ 
trified body on which they shine to lose its charge, whether this 
be positive or negative. 

The two respects in which the Rontgen rays differ from light 
is in the absence of refraction and perhaps of polarisation. Let 
us consider the absence of refraction first. We know cases in 
which special rays of the spectrum pass from one substance to 
another without refraction ; for example, Kundt showed that 
gold, silver, copper allow some rays to pass through them with¬ 
out bending, while other rays are bent in the wrong direction. 
Pfiuger has lately found that the same is true for some of the 
aniline dyes when in a solid form. In addition to this, the 
theory of dispersion of light shows that there will be no bending 
when the frequency of the vibration is very great. I have here 
a curve taken from a paper by Helmholtz, which shows the rela¬ 
tion between the refractive index and the frequency of vibration 
for a substance whose molecules have a natural period of vibration, 
and one only; the frequency of this vibration is represented by OK 
in the diagram. The refractive index increases with the frequency 
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of the light until the latter is equal to the frequency of the natural 
vibration of the substance ; the refractive index then diminishes, 
becomes less than unity, and finally approaches unity, and is 
practically equal to it when the frequency of the light greatly 
exceeds that of the natural vibration of the molecule 
Helmholtz’s results are obtained on the supposition that a 
molecule of the refracting substance consists of a pair of 
oppositely electrified atoms, and that the specific inductive 
capacity of the medium consists of two parts, one due to the 
ether, the other to the setting of the molecules along the lines of 
electric force. 

Starting from this supposition we can easily see without 
mathematical analysis that the relation between the refractive 
index and the frequency must be of the kind indicated by the 
curve. Let us suppose that an electromotive force of given 
amplitude acts on this mixture of molecules and ether, and let 
11s start with the frequency of the external electromotive force 
less than that of the free vibrations of the molecules : as the 
period of the force approaches that of the molecules, the 
effect of the force in pulling the molecules into line will 
increase ; thus the specific inductive capacity, and therefore the 
refractive index increases with the frequency of the external 
force ; the effect of the force on the orientation of the molecules 
will be greatest when the period of the force coincides with that 
of the molecules. As long as the frequency of the force is less 
than that of the molecules, the external field tends to make the 
molecules set so as to increase the specific inductive capacity of 
the mixture ; as soon, however, as the frequency of the force 
exceeds that of the molecules, the molecules, if there are no 
viscous forces, will all topple over and point so as to make the 
part of the specific inductive capacity due to the molecules of 
opposite sign to that due to the ether. Thus, for frequencies 
greater than than of the molecules, the specific inductive 
capacity will be less than unity. When the frequency of the 
force only slightly exceeds that of the molecules, the effect 
of the external field on the molecules is very great, so that 
if there are a considerable number of molecules, the 
negative part of the specific inductive capacity due to the 
molecules may be greater than the positive part due to the 
ether, so that the specific inductive capacity of the mixture of 
molecules and ether would be negative ; no waves of this period 
could then travel through the medium, they would be totally 
reflected from the surface. 

As the frequency of the force gets greater and greater, its 
effect in making the molecules set will get less and less, but the 
waves will continue to be totally reflected until the negative 
part of the specific inductive capacity due to the molecules is 
just equal to the positive part due to the ether. Here the 
refractive index of the mixture is zero. As the frequency of the 
force increases, its effect on the molecules gets less and less, so 
that the specific inductive capacity continually approaches that 
due to the ether alone, and practically coincides with it as soon 
as the frequency of the force is a considerable multiple of that 
of the molecules. In this case both the specific inductive 
capacity and the refractive index of the medium are the same as 
that of the ether, and there is consequently no refraction. Thus 
the absence of refraction, instead of being in contradiction to 
the Rontgen rays, being a kind of light, is exactly what we 
should expect if the wave length of the light were exceedingly 
small. 

The other objection to these rays being a kind of light is, 
that there is no very conclusive evidence of the existence of 
polarisation. Numerous experiments have been made on the 
difference between the absorption of these rays by a pair of 
tourmaline plates when their axes are crossed or parallel. 
Many observers have failed to observe any difference at all 
between the absorption in the two cases. Prince Galitzine and 
M. de Karnojitsky, by a kind of cumulative method, have 
obtained photographs which seem to show that there is a 
slightly greater absorption when the axes are crossed than there 
is when the axes are parallel. There can, however, be no 
question that the effect, if it exists at all, is exceedingly small 
compared with the corresponding effect for visible light. 
Analogy, however, leads us to expect that to get polarisation 
effects we must use, in the case of short waves, polarisers ofa much 
finer structure than would be necessary for long ones. Thus a wire 
bird-cage will polarise long electrical waves, but will have no effect 
on visible light. Rubens and Du Bois made an instrument 
which would polarise the infra-red rays by winding very fine 
wires very close together on a framework; this arrangement, 
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however, was loo coarse to polarise visible light. Thus, though 
the structure of the tourmaline is fine enough to polarise the 
visible rays, it may be much too coarse to polarise the Rontgen 
rays if these have exceedingly small wave-lengths. As far as 
our knowledge of these rays extends, I think we may say that 
though there is no direct evidence that they are a kind of light, 
there are no properties of the rays which are not possessed by 
some variety of light. 

It is clear that if the Rontgen rays are light rays, their wave¬ 
lengths are of an entirely different order to those of visible light. 
It is perhaps worth notice that on the electro-magnetic theory of 
light we might expect two different types of vibration if we 
suppose that the atoms in the molecule of the vibrating substance 
carried electrical charges. One set of vibrations would be due 
to the oscillations of the bodies carrying the charges, the other 
set to the oscillation of the charges on these bodies. The wave¬ 
length of the second set of vibrations would be commensurate 
with molecular dimensions; Can these vibrations be the Rontgen 
rays ? If so, we should expect them to be damped with such 
rapidity as to resemble electrical impulses rather than sustained 
vibrations. 

If we turn from the rays themselves to the effect they produce, 
we find that the rays alter the properties of the substances 
through which they are passing. This change is most apparent in 
the effects produced on the electrical properties of the substances. 
A gas, for example, while transmitting these rays is a conductor 
of electricity. It retains its conducting properties for some little 
time after the rays have ceased to pass through it, but Mr. 
Rutherford and I have lately found that the conductivity is 
destroyed if a current of electricity is sent through the Rontgen- 
ised gas. The gas in this state behaves in this respect like a 
very dilute solution of an electrolyte. Such a solution would 
cease to conduct after enough electricity had been sent through 
it to electrolyse all the molecules of the electrolyte. When 
a current is passing through a gas exposed to the rays, 
the current destroys and the rays produce the structure which 
gives conductivity to the gas ; when things have reached a steady 
state the rate of destruction by the current must equal the rate 
of production by the rays. The current can thus not exceed a 
definite value, otherwise more of the conducting gas would be 
destroyed than is produced. 

This explains the very characteristic feature that in the passage 
of electricity through gases exposed to Rontgen rays, the current, 
though at first proportional to the electromotive force, soon 
reaches a value where it is almost constant and independent of 
the electromotive force, and we get to a state when a tenfold 
increase in the electromotive force only increases the current by 
a few per cent. The conductivity under the Rontgen rays varies 
greatly from one gas to another, the halogens and their gaseous 
compounds, the compounds of sulphur, and mercury vapour, are 
among the best conductors. It is worthy of note that those 
gases which are the best conductors when exposed to the rays are 
either elements, or compounds of elements, which have in com¬ 
parison with their valency very high refractive indices. 

The conductivity conferred by the rays on a gas is not de¬ 
stroyed by a considerable rise in temperature ; it is, for example, 
not destroyed if it be sucked through metal tubing raised to a 
red heat. The conductivity is, however, destroyed if the gas is 
made to bubble through water, it is also destroyed if the gas is 
forced through a plug of glass wool. This last effect seems to 
indicate that the structure which confers conductivity on the gas 
is of a very coarse kind, and we get confirmation of this from 
the fact that a very thin layer of gas exposed to the Rontgen 
rays does not conduct nearly so well as a thicker one. I think 
we have evidence from other sources that electrical conduction is 
a process that requires a considerable space—a space large 
enough to enclose a very large number of molecules. 

Thus Roller found that the specific resistances of petroleum, 
turpentine, and distilled water, when determined from experi¬ 
ments made with very thin layers of these substances, was very 
much larger than when determined from experiments with 
thicker layers. Even in the case of metals there is evidence 
that the metal has to be of appreciable size if it is to conduct 
electricity. The theory of the scattering of light by small 
particles shows, that, if we assume the truth of the electro¬ 
magnetic theory of light, the effects should be different accord¬ 
ing as the small particles are insulators or conductors. When 
the small particles are non-conductors, theory and experiment 
concur in showing that the direction of complete polarisation 
for the scattered light is at right angles to the direction of the 
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incident light, while if the small particles are conductors, theory 
indicates that the direction of complete polarisation makes an 
angle of 6o° with the incident light. This result is not, how¬ 
ever, confirmed by the experiments made by Prof. Threlfall on 
the scattering of light by very small particles of gold. He 
found that the gold scattered the light in just the same way as 
a non-conductor, giving complete polarisation at right angles 
to the incident light. This would seem to indicate that those 
very finely divided metallic particles no longer acted as con¬ 
ductors. Thus there seems evidence that in the case of con¬ 
duction through gases, through badly conducting liquids and 
through metals, electric conduction is a process which requires 
a very considerable space and aggregations of large numbers 
of molecules. I have not been able to find any direct experi¬ 
mental evidence as to whether the same is true for electrolytes. 
Experiments on the resistance of thin layers of electrolytes 
would be of considerable interest, as according to one widely- 
accepted view of electrolysis conduction through electrolytes, 
so far from being effected by aggregations of molecules, takes 
place by means of the ion, a structure simpler than that of the 
molecule, so that if this represents the process of electrolytic 
conduction, there would not seem room for the occurrence of 
an effect which occurs with every other kind of conduction. 

In this building it is only fitting that some reference should 
be made to the question of the movement of the ether. You 
are all doubtless acquainted with the heroic attempts made by 
Prof. Lodge to set the ether in motion, and how successfully 
the ether resisted them. It seems to be conclusively proved 
that a solid body in motion does not set in motion the ether at 
an appreciable distance outside it; so that if the ether is dis¬ 
turbed at all in such a case, the disturbance is not comparable 
with that produced by a solid moving through an incompressible 
fluid, but must be more analogous to that which would be pro¬ 
duced by the motion through the liquid of a body of very open 
structure, such as a piece of wire netting, where the motion of 
the fluid only extends to a distance comparable with the diameter 
of the wire, and not with that of the piece of netting. There is 
another class of phenomena relating to the movement of the 
ether which is, I think, deserving of consideration, and that is 
the effect of a varying electro-magnetic field in setting the ether 
in motion. I do not remember to have seen it pointed out that 
the electro-magnetic theory of light implicitly assumes that the 
ether is not set in motion even when acted on by mechanical 
forces. On the electro-magnetic theory of light such forces do 
exist, and the equations used are only applicable when the ether 
is at rest. Consider, for example, the case of a plane electric 
wave travelling through the ether. We have parallel to the 
wave-front a varying electric polarisation, which on the theory is 
equivalent to a current; at right-angles to this, and also in the 
wave-front, we have a magnetic force. Now, when a current 
flows through a medium in a magnetic field there is a force act¬ 
ing on the medium at right-angles to the plane, which is parallel 
both to the current and to the magnetic force ; there will thus be 
a mechanical force acting on each unit volume of the ether when 
transmitting an electric wave, and since this force is at right- 
angles to the current and to the magnetic force, it will be in the 
direction in which the wave is propagated. In the electro¬ 
magnetic theory of light, however, we assume that this force 
does not set the ether in motion, as unless we made this assump¬ 
tion we should have to modify our equations, as the electro¬ 
magnetic equations are not the same in a. moving field as in 
a field at rest. In fact, a complete discussion of the trans¬ 
mission of electro-magnetic disturbances requires a know¬ 
ledge of the constitution of the ether w'hich we do not 
possess. We now assume that the ether is not set in motion 
by an electro-magnetic wave. If we do not make this assump¬ 
tion, we must introduce into our equation quantities represent¬ 
ing the components of the velocity of the ether, and unless we 
know the constitution of the ether, so as to be able to deduce 
these velocities from the forces acting on it, there will be in 
the equations of the electro-magnetic field more unknown 
quantities than we have equations to determine. It is, there¬ 
fore, a very essential point in electro-magnetic theory to in¬ 
vestigate whether or not there is any motion of the ether in a 
varying electro-magnetic field. We have at the Cavendish 
Laboratory, using Prof. Lodge’s arrangement of interference 
fringes, made some experiments to see if we could detect any 
movement of the ether in the neighbourhood of an electric 
vibrator, using the spark which starts the vibrations as the 
source of light. The movement of the ether, if it exists, will 
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be oscillatory, and with an undamped -vibrator the average 
velocity would be zero; we used, therefore, a heavily damped 
vibrator, with which the average velocity might be expected to 
be finite. The experiments are not complete, but so far the 
results are entirely negative. We also tried by the same method 
to see if we could detect any movement of the ether in the 
neighbourhood of a vacuum-tube emitting Rontgen rays, but 
could not find any trace of such a movement. Prof. Threlfall, 
•who independently tried the same experiment, has, I believe, 
arrived at the same conclusion. 

Unless the ether is immovable under the mechanical forces 
in a varying electro-magnetic field, there are a multitude of 
phenomena awaiting discovery. If the ether does move, then 
the velocity of transmission of electrical vibrations, and there¬ 
fore of light, will be affected by a steady magnetic field. Such 
a field, even if containing nothing but ether, will behave to¬ 
wards light like a crystal, and the velocity of propagation will 
depend upon the direction of the rays. A similar result would 
also hold in a steady electric field. We may hope that ex¬ 
periments on these and similar points may throw some light on 
the properties of that medium which is universal, which plays 
so large a part in our explanation of physical phenomena, and 
of which we know so little. 


SECTION B. 

CHEMISTRY. 

Opening Address by Dr. Ludwig Mond, F.R.S., 
President of the Section. 

In endeavouring to fix upon a suitable theme for the address 
I knew you would to-day expect from me, I have felt that I 
ought to give due consideration to the interests which tie this 
magnificent city of Liverpool, whose hospitality we enjoy this 
week, to Section B. of the British Association. 

I have therefore chosen to give you a brief history of the 
manufacture of chlorine, with the progress of which this city 
and its neighbourhood have been very conspicuously and very 
honourably connected, not only as regards quantity—I believe 
this neighourhood produces to-day nearly as much chlorine as 
the rest of this -world together—but more particularly by having 
originated, worked out, and carried into practice several of the 
most important improvements ever introduced into this manu¬ 
facture. I was confirmed in my choice by the fact that this 
manufacture has been influenced and perfected in an extra¬ 
ordinary degree by the rapid assimilation and application of the 
results of purely scientific investigations, and of new scientific 
theories, and offers a very remarkable example of the incalculable 
value to our commercial interests of the progress of pure science. 

The early history of chlorine is particularly interesting, as it 
played a most important rdle in the development of chemical 
theories. There can be no doubt that the Arabian alchemist 
Geber, who lived eleven hundred years ago, must have known 
that “ Aqua Regia,” which he prepared by distilling a mixture of 
salt, nitre, and vitriol, gave off, on heating, very corrosive, evil¬ 
smelling, greenish-yellow fumes ; and all his followers through¬ 
out a thousand years must have been more or less molested by 
these fumes whenever they used Aqua Regia, the one solvent of 
the gold they attempted so persistently to produce. 

But it was not until 1774 that the great Swedish chemist 
Scheele succeeded in establishing the character of these fumes. 
He discovered that on heating manganese with muriatic acid he 
obtained fumes very similar to those given off by “ Aqua Regia,” 
and found that these fumes constituted a permanent gas of 
yellowish-green colour, very pungent odour, very corrosive, very 
irritating to the respiratory organs, and which had the power of 
destroying organic colouring matters* 

According to the views prevalent at the time, Scheele con¬ 
sidered that the manganese had removed phlogiston from the 
muriatic acid, and he consequently called the gas dephlogisticated 
muriatic acid. 

When, during the next decade, Lavoisier successfully attacked, 
and after a memorable struggle completely upset the phlogiston 
theory, and laid the foundations of our modern chemistry, 
Berthollet, the eminent “father” of physical chemistry—the 
science of to-day—endeavoured to determine the place of Scheele’s 
gas in the new theory. Lavoisier was of opinion that all acids, 
including muriatic acid, contain oxygen. Berthollet found that 
a solution of Scheele’s gas in water, when exposed to the sun- 
light, gives off oxygen and leaves behind muriatic acid. He 
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considered this as proof that this gas consists of muriatic acid 
and oxygen, and called it oxygenated muriatic acid. 

In the year 1785 Berthollet conceived the idea of utilising the 
colour-destroying powers of this gas for bleaching purposes. He 
prepared the gas by heating a mixture of salt, manganese, and 
vitriol. He used a solution of the gas in water for bleaching, 
and subsequently discovered that the product obtained by 
absorbing the gas in a solution of caustic potash possessed 
great advantages in practice. 

re: This solution was prepared as early as 1789, at the chemical 
works on the Quai de Javelle, in Paris, and is still made and 
used there under the name of “Eau de Javelle.” 
te James Watt, whose great mind was not entirely taken up with 
that greatest of all inventions—his steam-engine—by which he 
has benefited the human race more than any other man, but who 
also did excellent work in chemistry—became acquainted in Paris 
with Berthollet’s process, and brought it to Scotland. Here it 
was taken up with that energy characteristic of the Scotch, and 
a great stride forward was made when, in 1798, Charles Tennant, 
the founder of the great firm, which has only recently lapsed into 
the United Alkali Company, began to use milk of lime in place 
of the more costly caustic potash, in making a bleaching liquid ; 
and a still greater advance was made when, in the following 
year, Tennant proposed to absorb the chlorine by hydrate of 
lime, and thns to produce a dry substance, since known under 
thevname of bleaching powder, which allowed the bleaching 
powers of chlorine to be transported to any distance. 

In order to give you a conception of the theoretical ideas pre¬ 
valent at this time, I will read to you a passage from an interest¬ 
ing treatise on the art of bleaching published in 1799 by Higgins. 
In his chapter ‘' On bleaching with the oxygenated muriatic 
acid, and on the methods of preparing it,” he explains the theory 
of the process as follows :— 

“ Manganese is an oxyd, a metal saturated with oxygen gas. 
Common salt is composed of muriatic acid and an alkaline salt 
called soda, the same which barilla affords. Manganese has 
greater affinity to sulphuric acid than to its oxygen, and the soda 
of the salt greater affinity to sulphuric acid than to the muriatic 
acid gas : hence it necessarily follows that these two gases (or, 
rather, their gravitating matter) must be liberated from their former 
union in immediate contact with each other ; and although they 
have but a weak affinity to one another, they unite in their 
nascent state, that is to say, before they individually unite to 
caloric, and separately assume the gaseous state ; for oxygen gas 
and muriatic acid gas already formed will not unite when mixed, 
in consequence principally of the distance at which their respective 
atmospheres of caloric keep their gravitating particles asunder. 
The compound resulting from these two gases still retains the 
property of assuming the gaseous state, and is the oxygenated 
muriatic gas. ” 

Interesting as these views may appear, considering the time 
they were published, you will notice that the rok played by the 
manganese in the process, and the chemical nature of this sub¬ 
stance, were not at all understood. The law of multiple pro¬ 
portions had not yet been propounded by John Dalton, and the 
researches of Berzelius on the oxides of manganese were only 
published thirteen years later, in 18x2. The green gas we are 
considering was still looked upon as muriatic acid, to which 
oxygen had been added, in contradistinction to Scheele’s view, 
who considered it as muriatic acid, from which something, viz. 
phlogiston, had been abstracted. 

It was Humphry Davy who had, by a series of brilliant investi¬ 
gations, carried out in the laboratory of the Royal Institution 
between 1808 and 1810, accumulated fact upon fact to prove that 
the gas hitherto called oxygenated muriatic acid did not contain 
oxygen. He announced in an historic paper, which he read be¬ 
fore'the Royal Society on July 12, 1810, his conclusion that this 
gas was an - elementary body, which in muriatic acid was com¬ 
bined with hydrogen, and for which he proposed the name 
“chlorine,” derived from the Greek signifying 

“ green,” the colour by which the gas is distinguished. 

The numerous communications which Humphry Davy made 
to the Royal Society on this subject form one of the brightest 
and most interesting chapters in the history of chemistry. They 
have recently been reprinted by the Alembic Society, and I can¬ 
not too highly recommend their study to the young students of 
our science. 

Those who have followed the history of chemistry I need not 
remind how hotly and persistently Davy’s views were combated 
by a number of the most eminent chemists of his time, led by 
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Berzelius himself ; how long the chlorine controversy divided the 
chemical world ; how triumphantly Davy emerged from it; how 
completely his views were recognised; and how very instru¬ 
mental they have been in advancing theoretical chemistry. 

The hope, however, which Davy expressed in that same his¬ 
toric paper, 1 £ that these new views would perhaps facilitate one 
of the greatest problems in economical chemistry, the decompo¬ 
sition of the muriates of soda and potash,” was not to be realised 
so soon. Although it had changed its name, chlorine was still 
for many years manufactured by heating a mixture of salt, man¬ 
ganese, and sulphuric acid in leaden stills, as before. 

This process leaves a residue consisting of sulphate of soda 
and sulphate of manganese, and for some time attempts were 
made to recover the sulphate of soda from these residues, and to 
use it for the manufacture of carbonate of soda by the Le Blanc 
process. On the other hand, the Le Blanc process, which had 
been discovered and put into practice almost simultaneously with 
Berthollet’s chlorine process, decomposed salt by sulphuric acid, 
and sent the muriatic acid evolved into the atmosphere, causing 
a great nuisance to the neighbourhood. 

Naturally, therefore, when Mr. William Gossage had suc¬ 
ceeded in devising plant for condensing this muriatic acid, the 
manufacturers of chlorine reverted to the original process of 
Scheele, and heated manganese with the muriatic acid thus ob¬ 
tained. Since then the manufacture of chlorine has become a 
bye-product of the manufacture of soda by the Le Blanc process, 
and remained so till very recently. 

For a great many years the muriatic acid was allowed to act 
upon native ores of manganese in closed vessels of earthenware 
or stone, to which heat could be applied, either externally or 
internally. These native manganese ores, containing only a cer¬ 
tain amount of peroxide, converted only a certain percentage of 
the muriatic acid employed into free chlorine, the rest combining 
with the manganese and iron contained in the ore, and forming 
a brown and very acid solution, which it was a great difficulty 
for the manufacturer to get rid of. Consequently, many attempts 
were made to regenerate peroxide of manganese from these 
waste liquors, so as to use it over again in the production of 
chlorine. 

These, however, for a long time remained unsuccessful, 
because the exact conditions for super-oxidising the protoxide 
of manganese by means of atmospheric air were not yet 
known. 

Meantime, viz. in 1845, Mr* Dunlop introduced into the 
works created by his grandfather, Mr. Charles Tennant, at St. 
Rollox, a new and very interesting method for producing 
chlorine, which was in a certain measure a return to the process 
used by the alchemists. 

Indeed, the first part of this process consisted in decomposing 
a mixture of salt and nitre with oil of vitriol—a reaction that 
had been made use of for so many centuries ! The chlorine so 
obtained is, however, not pure, but a mixture of chlorine with 
oxides of nitrogen and hydrochloric acid, which Mr. Dunlop 
had to find means to eliminate. 

For separating the nitrous oxides, Mr. Dunlop adopted the 
method introduced twenty years before by the great Gay-Lussac 
in connection with vitriol-making, viz. absorption by sulphuric 
acid, and the nitro-sulphuric acid thus formed he also utilised 
in the same way as that obtained from the towers which still 
bear Gay-Lussac’s illustrious name, viz. by using it in the vitriol 
process in lieu of nitric acid. , He then freed his chlorine gas 
from hydrochloric acid by washing with water, and so obtained 
it pure. This process possessed two distinct advantages : (1) it 
yielded a very much larger amount of chlorine from the same 
amount of salt, and (2) the nitric acid, which was used for 
oxidising the hydrogen in the hydrochloric acid, was not lost, 
because the oxides of nitrogen to which it was reduced answered 
the purpose for which the acid itself had previously been em¬ 
ployed. But this process was very limited in its application, as 
it could only be worked to the extent to which nitric acid was 
used in vitriol-making. 

The process has been at work at St. Rollox for over fifty 
years, and, as far as I know, is there still in operation ; but I 
am not aware that it has ever been taken up elsewhere. 

Within the last few years, how-ever, several serious attempts 
have been made to give to this process a wider scope by regene¬ 
rating nitric acid from the nitro-sulphuric acid and employing it 
over and over again to convert hydrochloric acid into chlorine. 
Quite a number of patents have been taken out for this purpose, 
all employing atmospheric air for reconverting the nitrous oxides 
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into nitric acid, and differing mainly in details of apparatus and 
methods of work, and several of these have been put to practical 
test on a fairly large scale in this neighbourhood, and also in 
Glasgow, Middlesbrough, and elsewhere. As I do not w 7 ant to 
keep you here the whole afternoon, I have to draw the line some¬ 
where as to what I shall include in this brief history of the 
manufacture of chlorine, and have had to decide to restrict 
myself to those methods which have actually attained the rank ot 
manufacturing processes on a large scale. As none of the pro¬ 
cesses just referred to have attained that position, you will excuse 
me for not entering into further details respecting them. 

Mr. Dunlop’s process only produced a very small portion of 
the chlorine manufactured at that time at St. Rollox, the re¬ 
mainder being made, as before, from native manganese and 
muriatic acid, leaving behind the very offensive waste liquors I 
have mentioned before, which increased from year to year, and 
became more and more difficult to get rid of. The problem of 
recovering from these liquors the manganese in the form of per¬ 
oxide Mr. Dunlop succeeded in solving in 1855. 

He neutralised the free acid and precipitated the iron present 
by treating these liquors with ground chalk in the cold and 
settling out, and in later years, filter-pressing the precipitate, 
which left him a solution of chloride of manganese, mixed only 
with chloride of calcium. This was treated with a fresh quantity 
of milk of chalk, but this time under pressure in closed vessels 
provided with agitators and heated by steam, under which con¬ 
ditions all the manganese was precipitated as carbonate of man¬ 
ganese. This precipitate was filtered off and well drained, and 
was then passed on iron trays mounted on carriages through long 
chambers, in which it was exposed to hot air at a temperature 
of 300° C., the process being practically made continuous, one 
tray at the one end being taken out of these chambers, and a fresh 
tray being put in at the other end. One passage through these 
chambers sufficed to convert the carbonate of manganese into 
peroxide, which was used in place of, and in the same way as, 
the native manganese. 

The wffiole of the residual liquors made at the large w'orks at 
St. Rollox have been treated by this process with signal success 
for a long number of years. For a short time the process w 7 as 
discontinued in favour of the Weldon process (of which I have 
to speak next) ; but after two years Dunlop’s process w 7 as taken 
up again, and, to the best of my knowledge, it is still in opera¬ 
tion to this day. It has, however, just like Mr. Dunlop’s first 
chlorine process, never left the place of its birth (St. Rollox), 
although it was for a period of over ten years without a rival. 

In 1866, Mr. Walter Weldon patented a modification of a 
process proposed by Mr. William Gossage, in 1837, for recover¬ 
ing the manganese that had been used in the manufacture 
of chlorine. Mr. Gossage had proposed to treat the residual 
liquors of this manufacture by lime, and to oxidise the resulting 
protoxide of manganese by bringing it into frequent and intimate 
contact with atmospheric air. This process—and several 
modifications thereof subsequently patented—had been tried in 
various places without success. Mr. Weldon, however, did 
succeed in obtaining a very satisfactory result, possibly—even 
probably—because, not being a chemist, he did not add the 
equivalent quantity of lime to his liquor to precipitate the 
manganese, but used an excess. However, Mr. Weldon, if he 
was not a chemist at that time, was a man of genius and of great 
perseverance. He soon made himself a chemist, and having once 
got a satisfactory result, he studied every small detail of the re¬ 
action with the utmost tenacity until he had thoroughly 
established how this satisfactory result could be obtained on the 
largest scale with the greatest regularity and certainty. 

He even went further, and added considerably to our the¬ 
oretical knowledge of the character of manganese peroxide and 
similar peroxides by putting forward the view' that these 
compounds possess the character of w 7 eak acids. He explained 
in this way the necessity for the presence of an excess of lime 
or other base if the oxidation of the precipitated protoxide of 
manganese by means of atmospheric air was to proceed at a 
sufficiently rapid rate. He pointed out that the product had to 
be considered as a manganite of calcium, a view which has since 
been thoroughly proved by the investigations of Goergen and 
others ; and it is only fair to state that Weldon’s process is not 
only a process for recovering the peroxide of manganese originally 
used, but that he introduced a new substance, viz. manganite of 
calcium, to be continuously used over and over again in the 
manufacture of chlorine. 

Mr. Weldon had the good fortune that his ideas were taken 
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up with fervency by Colonel Gamble of St. Helens, and that 
Colonel Gamble’s manager, Mr. F. Bramwell, placed all his 
experience as a consummate technical chemist and engineer at 
Mr. Weldon’s disposal, and assisted him in carrying his ideas 
into practice. The result was that a process which many able 
men had tried in vain to realise for thirty years became in the 
hands of Mr. Weldon and his coadjutors within a few years one 
of the greatest successes achieved in manufacturing chemistry. 

The Weldon process commences by treating the residual 
liquor with ground chalk or limestone, thus neutralising the 
free acid and precipitating any sulphuric acid and oxide of iron 
present. The clarified liquor is run into a tall cylindrical 
vessel, and milk of lime is added in sufficient quantity to pre¬ 
cipitate all the manganese in the form of protoxide. An addi¬ 
tional quantity of milk of lime, from one-fifth to one-third of 
the quantity previously used, is then introduced, and air passed 
through the vessel by means of an air-compressor. After a few 
hours all the manganese is converted into peroxide ; the con¬ 
tents of the vessel are then run off; the mud, now everywhere 
known as “ Weldon mud,” is settled, and the clear liquor run to 
waste. The mud is then pumped into large closed stone stdls, 
where it meets with muriatic acid, chlorine is given off, and the 
residual liquor treated as before. 

You note that this process works without any manipulation, 
merely by the circulation of liquids and thick magmas which are 
moved by pumping machinery. As compared to older pro¬ 
cesses it also has the great advantage that it requires very little 
time for completing the cycle of operations, so that large 
quantities of chlorine can be produced by a very simple and in¬ 
expensive plant. These advantages secured for this process 
the quite unprecedented success that within a few years it was 
adopted, with a few isolated exceptions, by every large manu¬ 
facturer of chlorine in the world ; yet it possessed a distinct 
drawback, viz. that it produced considerably less chlorine from 
a given quantity of muriatic acid than either native manganese 
of good quality or Mr. Dunlop’s recovered manganese. At that 
time, however, muriatic acid was produced as a bye-product of 
the Le Blanc process so largely in excess of what could be utilised 
that it was generally looked upon as a waste product of no 
value. Mr. Weldon himself was one of the very few who fore¬ 
saw that this state of things could not always continue. The 
ammonia soda process was casting its shadow before it. 
Patented in 1838 by Messrs. Dyar and Hemming it was only 
after the lapse of thirty years (during which a number of manu¬ 
facturing chemists of the highest standing had in vain en¬ 
deavoured to carry it into practice) that this process was raised to 
the rank of a manufacturing process through the indomitable 
perseverance of Mr. Earnest Solvay of Brussels, and his clear 
perception of its practical and theoretical intricacies. A few years 
later, in 1872, Mr. Weldon already gave his attention to the 
problem of obtaining the chlorine of the salt used in this process 
in the form of muriatic add. He proposed to recover the 
ammonia from the ammonium chloride obtained in this manu¬ 
facture by magnesia instead of lime, thus obtaining magnesium 
chloride instead of calcium chloride, and to produce muriatic 
acid from this magnesium chloride by a process patented by 
Clemm in 1863, viz. by evaporating the solution, heating the 
residue in the presence of steam and condensing the acid vapours 
given off. 

Strange to say, this same method had been patented by Mr. 
Ernest Solvay within twenty-fours before Mr. Weldon lodged 
his specification. It has been frequently tried with many 
modifications, but has never been found practicable. Soon after¬ 
wards Mr. Weldon, with the object of reducing the muriatic acid 
required by his first process, proposed to replace the lime in this 
process by magnesia, and so to produce a manganite of magnesia. 
After treating this with muriatic acid and liberating chlorine he 
proceeded to evaporate the residual liquors to dryness, during 
which operation all the chlorine they contain would be disengaged 
as hydrochloric acid and collected in condensers, while the dry 
residue, after being heated to dull redness in the presence of air, 
would be reconverted into manganite of magnesia. 

This process was made the subject of long and extensive experi¬ 
ments at the works of Messrs. Gamble at St. Helens, but did not 
realise Mr. Weldon’s expectations. It, however, led to some 
further interesting developments, to which I shall refer later on. 

Those of you who were present at the last meeting of the 
British Association in this city will remember that this Section 
had the advantage of listening to a paper by Mr. Weldon on his 
chlorine process, and also to another highly interesting paper by 
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Mr. Henry Deacon, of Widnes, “ on a new chlorine process with¬ 
out manganese.” And those of you who came with the then 
President of the Section (Prof. Roscoe) to Widnes to visit the 
works of Messrs. Gaskell, Deacon, and Co., will well remembei 
that at these works they saw side by side Weldon’s process and 
Deacon’s process in operation, and no one present will have for¬ 
gotten the thoughtful flashing eyes and impressive face of Mr. 
Deacon when he explained to his visitors the theoretical views 
he had formed as regards his process. 

Mr. Deacon had made a careful study of thermo-chemistry, 
which had been greatly developed during the preceding decade 
by the painstaking, accurate, and comprehensive experiments of 
Julius Thomsen and of Berthelot, and had led the latter to 
generalisations, which, although not fully accepted by scientific 
men, have been of immense service to manufacturing chemistry. 

Mr. Deacon came to the conclusion that if a mixture of hydro¬ 
chloric acid with atmospheric air was heated in the presence of 
a suitable substance capable of initiating the interaction of these 
two gases by its affinity to both, it would to a very great extent 
be converted into chlorine with the simultaneous formation of 
steam, because the formation of steam from oxygen and hydrogen 
gives rise to the (evolution of a considerably larger quantity of 
heat than the combination of hydrogen and chlorine. Mr. 
Deacon found that the salts of copper were a very suitable sub¬ 
stance for this purpose, and took out a patent for this process in 
1868. He entrusted the study of the theoretical and practical 
problems connected with this process to Dr. Ferdinand Hurter, 
who carried them out in a manner which will always remain 
memorable and will never be surpassed, as an example of the 
application of scientific methods to manufacturing problems, 
and which soon placed this beautiful and simple process on a 
sound basis as a manufacturing operation. 

In the ordinary course of manufacture the major part—about 
two-thirds—of the hydrochloric acid is obtained mixed with air 
and a certain amount of steam, but otherwise very little con¬ 
taminated. Instead of condensing the muriatic acid from this 
mixture of gases by bringing it into contact with water, Mr. 
Deacon passed it through a long series of cooling pipes to con¬ 
dense the steam, which of course absorbed hydrochloric acid, 
and formed a certain quantity of strong muriatic acid. The 
mixture of gases was then passed through an iron superheater to 
raise it to the required temperature, and thence through a mass 
of broken bricks impregnated with sulphate or chloride of copper 
contained in a chamber or cylinder called a decomposer, which 
was protected from loss of heat by being placed in a brick 
furnace kept sufficiently hot. In this apparatus from 5 ° bo 
per cent, of the hydrochloric acid in the mixture of gases was 
burnt to steam and chlorine. In order to separate this chlorine 
from the steam and the remaining hydrochloric acid the gases 
were washed with water, and subsequently with sulphuric acid. 
The mixture now consisted of nitrogen and oxygen, containing 
about lo percent, of chlorine gas, which could be utilised without 
any difficulty in the manufacture of bleach liquors and chlorate 
of potash, and which Mr. Deacon also succeeded in using for 
the manufacture of bleaching powder, by bringing it into contact 
in specially constructed chambers with large surfaces of hydrate 
of lime. Within recent years this latter object has been attained 
in a more expeditious and perfect manner by continuous 
mechanical apparatus (of which those constructed by Mr. 
Robert Hasenclever and Dr. Carl Langer have been the most 
successful), in which the hydrate of lime is transported in a 
continuous stream by single or double conveyers in an opposite 
direction to the current of dilute chlorine, and the bleaching 
powder formed delivered direct into casks, thereby avoiding the 
intensely disagreeable work of packing this offensive substance 

by hand. . , 

Mr. Deacon’s beautiful and scientific process thus involves 
still less movement of materials than the very simple process of 
Mr. Weldon, because in lieu of large volumes of liquids he only 
moves a current of gas through his apparatus, which requires a 
minimum of energy. The only raw material used for converting 
hydrochloric acid into chlorine is atmospheric air, the cheapest 
of all at our command. The hydrochloric acid which has not 
been converted into chlorine by the process is all obtained, dis¬ 
solved in water, as muriatic acid, and is not lost, as in previous 
processes, but is still available to be converted into chlorine by 
other methods, or to be used for other purposes. 

In spite of these distinct advantages, this process took a long 
time before it became adopted as widely as it undoubtedly 
deserved. This was mainly due to the fact that the economy in 
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the use of muriatic acid which it effected was at the time when 
the process was brought out, and for many years afterwards, no 
object to the majority of chlorine manufacturers, who were still 
producing more of this commodity than they could use. More¬ 
over, there were other reasons. The plant required for this 
process, although so simple in principle, is very bulky in propor¬ 
tion to the quantity of chlorine produced, and as I have pointed 
out, the process only succeeded in converting about one-third of 
the hydrochloric acid produced into chlorine, the remainder 
being obtained as muriatic acid, which had in most instances to 
be converted into chlorine by the Weldon process ; so that the 
Deacon process did not constitute an entirely self-contained 
method for this manufacture. This defect, of small moment as 
long as muriatic acid was produced in excessive quantities, was 
only remedied by an invention of Mr. Robert Hasenclever a 
short number of years ago; when by the rapid development of 
the ammonia soda process the previously existing state of things 
had been completely changed, and when, at least on the conti¬ 
nent, muriatic acid was no longer an abundant and valueless 
bye-product, but, on the contrary, the alkali produced by the Le 
Blanc process had become a bye-product of the manufacture of 
chlorine. Mr. Hasenclever, in order to make the whole of the 
muriatic acid he produces available for conversion into chlorine 
by the Deacon process, introduces the liquid muriatic acid in a 
continuous stream into hot sulphuric acid contained in a series of 
stone vessels, through which he« passes a current of air. He 
thus obtains a mixture of hydrochloric acid and air, well adapted 
for the Deacon process, the water of the muriatic acid remaining 
with the sulphuric acid, from which it is subsequently eliminated 
by evaporation. In this way the chlorine in the hydrochloric 
acid can be almost entirely obtained in its free state by the 
simplest imaginable means, and with the intervention of no other 
chemical agent than atmospheric air. Since their introduction 
the Deacon process has supplanted the Weldon process in nearly 
all the largest chlorine works in France and Germany, and is 
now also making very rapid progress in this country. 

Mr. Weldon, when he decided to give up his manganite of 
magnesia process, by no means relaxed his efforts to work out a 
chlorine process which should utilise the whole of the muriatic 
acid. While working with manganite of magnesia he found that 
magnesia alone would answer the purpose without the presence 
of the peroxide of manganese. He obtained the assistance of 
M. Pechiney, of Salindres, and in conjunction with him worked 
out what has become known as the “ Weldon-Pechiney” process, 
which was first patented in 1884. 

This process consists in neutralising muriatic acid by magnesia, 
concentrating the solution to a point at which it does not yet 
give off any hydrochloric acid, and then mixing into it a fresh 
quantity of magnesia so as to obtain a solid oxychloride of 
magnesium. This is broken up into small pieces, which are 
heated up rapidly to a high temperature without contact with the 
heating medium, while a current of air is passing through them. 
The oxychloride of magnesium containing a large quantity of 
water, this treatment yields a mixture of chlorine and hydrochloric 
acid with air and steam, the same as the Deacon process, and 
this is treated in a very similar way to eliminate the steam and 
the acid from the chlorine. The acid condensed is, of course, 
treated with a fresh quantity of magnesia, so that the whole of 
the chlorine which it contains is gradually obtained in the free 
state. 

The rapid heating to a high temperature of the oxychloride of 
magnesium without contact with the heating medium was an 
extremely difficult practical problem, which has been solved by 
M. Pechiney and his able assistant, M. Boulouvard, in a very 
ingenious and entirely novel way. 

They lined a large wrought-iron box with fire-bricks, and 
built inside of this vertical fire-brick walls with small empty 
spaces between them, thus forming a number of very narrow 
chambers, so arranged that they could all be filled from the top 
of the box, and emptied from the bottom. These chambers they 
heated to a very high temperature by passing a gas flame 
through them, thus storing up in the brick walls enough 
heat to carry out and complete the decomposition of the 
magnesium oxychloride, with which the chamber was filled 
when hot enough. 

Mr. Weldon himself called this apparatus a <£ baker’s oven,” 
in which trade certainly the same principle has been employed 
from time immemorial; but to my knowledge it had never 
before been used in any chemical industry. This process has 
been at work at M. Pechiney’s large alkali works at Salindres, 
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and is now at work in this country at the chlorate of potash 
works of Messrs. Allbright and Wilson, at Oldbury, a manu¬ 
facture for which it offers special advantages. Mr. Weldon and 
M. Pechiney had expected that this process would become 
specially useful in connection with the ammonia soda process by 
preparing in the way proposed by Mr. Solvay and Mr. Weldon 
in 1872 a solution of magnesium chloride as a bye-product of 
this manufacture ; but instead of obtaining muriatic acid from 
this solution by Clemm’s process, to treat it by the new process, 
so as to obtain the bulk of the chlorine at once in the free state. 
But M. Pechiney did no more succeed than his predecessors in 
recovering the ammonia by means of magnesia in a satisfactory 
way. 

Quite recently, however, it has been applied to obtain chlorine 
in connection with the ammonia soda process by Dr. Pick, of 
Czakowa, in Austria. He recovers the ammonia, as usual, by 
means of lime, and converts the solution of chloride of calcium, 
obtained by a process patented by Mr. Weldon in 1869, viz. by 
treatment with magnesia and carbonic acid under pressure, into 
chloride of magnesium with the formation of carbonate of lime. 
The magnesium chloride solution is then concentrated and 
treated by the Weldon-Pechiney process. 

I have repeatedly referred during this brief history to the 
great change which has been brought about in the position of 
chlorine manufacture by the development of the ammonia soda 
process, and have pointed out that the muriatic acid which for a 
long time was the bye-product of the Le Blanc process, without 
value, thereby became gradually its main and most valuable 
product, while the alkali became its bye-product. 

I have told you how, very early in the history of this process, 
Mr. Solvay and Mr. Weldon proposed means to provide for this 
contingency, and how Mr. Weldon continued to improve these 
means until the time of his death. Mr. Solvay, on his part, 
also followed up the subject with that tenacity and sincerity of 
purpose which distinguishes him ; his endeavours being mainly 
directed to producing chlorine direct from the chloride of calcium 
running away from his works by mixing it with clay and passing 
air through the mixture at very high temperatures, thus pro¬ 
ducing chlorine and a silicate of calcium, which could be utilised 
in cement-making. The very high temperatures required 
prevented, however, this process from becoming a practical 
success. 

I have already told you what a complicated series of 
operations Dr. Pick has lately resorted to in order to obtain the 
chlorine from this chloride of calcium. Yet the problem of 
obtaining chlorine as a bye-product of the ammonia soda process 
presents itself as a very simple one. 

This process produces a precipitate of bicarbonate of soda and 
a solution of chloride of ammonium by treating natural brine, or 
an artificially made solution of salt, in which a certain amount of 
ammonia has been dissolved, with carbonic acid. In their 
original patent of 1838, Messrs. Dyar and Hemming proposed 
to evaporate this solution of ammonium chloride, and to distil 
the resulting dry product with lime to recover the ammonia. 
Now, all that seemed to be necessary to obtain the chlorine from 
this ammonium chloride was to substitute another oxide for lime 
in the distillation process, which would liberate the ammonia 
and form a chloride wdiich, on treatment with atmospheric air 
would give off its chlorine and reproduce the original oxide. 
The whole of the reactions for producing carbonate of soda and 
bleaching powder from salt would thus be reduced to their simplest 
possible form ; the solution of salt, as we obtain it in the form of 
brine direct from the soil, would be treated with ammonia and 
carbonic acid to produce bicarbonate and subsequently mono¬ 
carbonate of soda ; the limestone used for producing the carbonic 
acid would yield the lime required for absorbing the chlorine, 
and produce bleaching powder instead of being run into the 
rivers in combination wfith chlorine in the useless form of chloride 
of calcium ; and both the ammonia (used as an intermediary in 
the production of soda), and the metallic oxide (used as an inter¬ 
mediary in the production of chlorine), would be continuously 
recovered. 

The realisation of this fascinating problem has occupied me 
for a great many years. In the laboratory I obtained soon 
almost theoretical results. A very large number of oxides and 
even of salts of weak acids were found to decompose ammonium 
chloride in the desired way; but the best results (as was to be 
clearly anticipated from thermo-chemical data) were given by 
oxide of nickel. 

When, however, I came to carry this process out on a large 
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scale, I met with the most formidable difficulties, which it took 
many years to overcome successfully. 

The very fact that ammonium chloride vapour forms so readily 
metallic chlorides when brought in contact at an elevated 
temperature with metals or oxides or even silicates, led to the 
greatest difficulty, viz. that of constructing apparatus which 
would not be readily destroyed by it. 

Amongst the metals we found that platinum and gold were 
the only ones not attacked at all. Antimony was but little 
attacked, and nickel resisted very well if not exposed to too 
high a temperature, so that it could be, and is being, used for 
such parts of the plant as are not directly exposed to heat. The 
other parts of the apparatus coming in contact with the 
ammonium chloride vapour I ultimately succeeded in constructing 
of cast and wrought iron, lined with fire-bricks or Doulton tiles, 
the joints between these being made by means of a cement 
consisting of sulphate of baryta and waterglass. 

After means had been devised for preventing the breaking of 
the joints through the unequal expansion of the iron and the 
earthenware, the plant so constructed has lasted very well. 

Oxide of nickel, which had proved the most suitable material 
tor the process in the laboratory, gave equally good chemical 
results on the large scale, but occasionally a small quantity of 
nickel chloride was volatilised through local over-heating, which, 
however, was sufficient to gradually make up the chlorine 
conduits. We therefore looked out for an active material free 1 
from this objection. Theoretical considerations indicated mag¬ 
nesia as the next best substance, but it was found that the 
magnesium chloride formed was not anhydrous, but retained a cer¬ 
tain amount of the steam formed by the reaction, which gave rise 
to the formation of a considerable quantity of hydrochloric acid 
on treatment with hot air. In conjunction with Dr. Eschellman 
(who carried out the experiments for me), I succeeded in re¬ 
ducing the quantity of this hydrochloric acid to a negligible 
amount by adding to the magnesia a certain amount of chloride 
of potassium, which probably has the effect of forming an 
anhydrous double chloride. 

This mixture of magnesia and potassium chloride is, after the 
addition of a certain quantity of china clay, made into small 
pills in order to give a free and regular passage throughout their 
entire mass to the hot air and other gases with which they have 
to be treated. In order to avoid as far as possible the handling 
and consequent breaking of these pills, I vapourise the ammonium 
chloride in a special apparatus, and take the vapours through 
these pills and subsequently pass hot air through, and then again 
ammonium chloride vapour, and so on, without the pills changing 
their place. # . . 

The vapourisation of the ammonium chloride is carried out in 
long cast-iron retorts lined with thin Doulton tiles, and placed 
almost vertically in a furnace which is kept by producer gas at a 
very steady and regular temperature. These retorts are kept 
nearly full with ammonium chloride, so as to have as much 
active heating surface as possible. From time to time a charge 
of ammonium chloride is introduced through a hopper at the top 
of these retorts, which is closed by a nickel plug. The ammonium 
chloride used is very pure, being crystallised out from its solution 
as produced in the ammonia soda manufacture by a process 
patented by Mr. Gustav Jarmay, which consists in powering the 
temperature of these solutions considerably below o° C. by means 
of refrigerating machinery. The retorts will, therefore, evaporate 
a very large amount of ammonium chloride before it becomes 
necessary to take out through a door, at their bottom the non¬ 
volatile impurities which accumulate in them. The ammonium 
chloride vapour is taken from these retorts by cast-iron pipes 
lined with tiles and placed in a brick channel, in which they are 
kept hot, to prevent the solidification of the vapour, to large up¬ 
right wrought-iron cylinders which are lined with a considerable 
thickness of fire-bricks, and are filled with the magnesia pills, 
which are, from the previous operations, left at a temperature of 
about 300° C. On its passage through the pills the chlorine in 
the vapours is completely retained by them, the ammonia and 
water vapour formed pass on and are taken to a suitable con¬ 
densing apparatus. The reaction of the ammonium chloride 
vapour upon magnesia being exo-thermic, the temperature of 
the pills rises during this operation, and no addition of heat is 
necessary to complete it. The temperature, however, does not 
rise sufficiently to satisfactorily complete the second operation, 
viz. the liberation of the chlorine and the re-conversion of the 
magnesium chloride into magnesium oxide by means of air. 
This reaction is slightly endo-thermic, and thus absorbs a small 
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amount of heat, which has to be provided in one way or 
another. I effect this by heating the pills to a somewhat higher 
temperature than is required for the action of the air upon 
them, viz. to 600 C., by passing through them a current of a 
dry inert gas free from oxygen heated by a Siemens-Cowper 
stove to the required temperature. I use for this purpose the 
gas leaving the carbonating plant of the ammonia soda process. 

& This current of gas also carries out of the apparatus the small 
amount of ammonia which was left in between the pills. It is 
washed to absorb this ammonia, and after washing, this same 
gas is passed again through the Siemens-Cowper stove, and thus 
constantly circulated through the apparatus, taking up the heat 
from the stove and transferring it to the pills. When these have 
attained the required temperature, the hot inert gas is stopped 
and a current of hot air passed through, which has also been 
heated to 600° C. in a similar stove. The air acts rapidly upon 
the magnesium chloride, and leaves the apparatus charged with 
18 to 20 per cent, of chlorine and a small amount of hydro¬ 
chloric acid. The chlorine comes gradually down, and when it 
has reached about 3 per cent, the temperature of the air entering 
the apparatus is lowered to 350° C. by the admixture of cold 
air to the hot air from the stove ; and the weak _ chlorine leaving 
the apparatus is passed through a second stove, in which its tem¬ 
perature is raised again to 6oo° C., and passed into another 
cylinder full of pills which are just ready to receive the hot-air 
current. A series of four cylinders is required to procure the 

necessary continuity for the process. 

The chlorine gas is washed with a strong solution of chloride 
of calcium, which completely retains all the hydrochloric acid, 
and is then absorbed in an apparatus invented by Dr. _ Carl 
Langer, by hydrate of lime, which is made to pass by a series of 
interlocked transporting twin-screws in an opposite direction to 
the current of gas, and produces very good and strong bleaching 
powder, in spite of the varying strength of the chlorine gas. 
The hydrochloric acid absorbed by the solution of calcium 
chloride can by heating this solution be readily driven out and 
collected. 

This process has now been in operation on a considerable 
scale at our Works at Winnington for several years, with 
constantly improving results, notably with regard to the loss of 
ammonia, which has gradually been reduced to a small amount. 
The process has fully attained my object, viz. to enable the 
ammonia soda process to compete, not only in the production of 
carbonate of soda, but also in the production of bleaching 
powder, with the Le Blanc process. 

Nevertheless, I have hesitated to extend this process as 
rapidly as I should otherwise have done, because very shortly 
after I had overcome all its difficulties, entirely different methods 
from those hitherto employed for the manufacture of chlorine 
were actively pushed forward in different parts of the globe, for 
which great advantages were claimed, but the real importance 
and capabilities of which were and are up to this date very 
difficult to judge. I refer to the processes for producing chlorine 
by electrolysis. 

During the first decade of this century, Humphry Davy had 
by innumerable experiments established all the leading facts 
concerning the decomposing action of an electric current upon 
chemical compounds. Amongst these he was the first to dis¬ 
cover that solutions of alkaline chlorides, when submitted to 
the action of a current, yield chlorine. His successor at the 
Royal Institution, Michael Faraday, worked out and proved 
the fundamental law of electrolysis, known to everybody as 
« Faraday’s Law,” which has enabled us to calculate exactly 
the amount of current required to produce by electrolysis any 
definite quantity of chlorine. Naturally, since these two 
eminent men had so clearly shown the way, numerous inventors 
have endeavoured to work out processes based on these prmci- 
pies for the production of chlorine on a manufacturing scale, 
but only during the last few years have these met with any 
measure of success. 

It has taken all this time for the classical work of Faraday on 
electro-magnetism to develop into the modern magneto-electric 
machine, capable of producing electricity in sufficient quantity 
to make it available for chemical operations on a large scale ; 
for you must keep in mind that an electric installation sufficient 
to light a large town will only produce a very moderate quantity 

of chemicals. . 

In applying electricity to the production of chlorine, various 
ways have been followed, both as to the raw materials and as to 
the apparatus employed. While most inventors have proposed 
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to electrolyse a solution of chloride of sodium, and to produce 
thereby chlorine and caustic soda, I am not aware that up to this 
day any quantity of caustic soda made by electrolysis has been 
put on to the market. 

Only two electrolytic works producing chlorine on a really 
large scale are in operation to-day. Both electrolyse chloride of 
potassium, producing as a bye-product caustic potash, which is 
of very much higher value than caustic soda, and of which a 
larger quantity is obtained for the same amount of current ex¬ 
pended. These works are situated in the neighbourhood of 
Stassfurt, the important centre of the chloride of potassium 
manufacture. The details of the plant they employ are kept 
secret, but it is known that they use cells with porous dia¬ 
phragms of special construction, for which great durability is 
claimed. There are at this moment a considerable number of 
smaller works in existence, or in course of erection in various 
countries, intended to carry into practice the production of 
chlorine by electrolysis by numerous methods, differing mainly in 
the details of the cells to be used ; but some of them also involv¬ 
ing what may be called new principles. The most interesting of 
these are the processes in which mercury is used alternately as 
kathode and anode, and salt as electrolyte. They aim at obtaining 
in the first instance chlorine and an amalgam of sodium, and 
subsequently converting the latter into caustic soda by contact 
with water, which certainly has the advantage of producing a 
very pure solution of caustic soda. Mr. Hamilton Castner has 
carried out this idea most successfully by a very beautiful 
decomposing cell, which is divided into various compartments, 
and so arranged that by slightly rocking the cell the mercury 
charged with sodium in one compartment passes into another, 
where it gives up the sodium to water, and then returns to the 
first compartment, to be recharged with sodium. His process 
has been at work on a small scale for some time at Oldbury near 
Birmingham, and works for carrying it out on a large scale are 
now being erected on the banks of the Mersey, and also in 
Germany and America. 

Entirely different from the foregoing, but still belonging to 
our subject, are methods which propose to electrolyse the 
chlorides of heavy metals (zinc, lead, copper, &c.) obtained in 
metallurgical operations or specially prepared for the purpose, 
among which the processes of Dr. Carl Hoepfner deserve special 
attention. They eliminate from the electrolyte immediately 
both the products of electrolysis, chlorine on one side and zinc 
and copper on the other, and thus avoid all secondary reactions, 
which have been the great difficulty in the electrolysis of alkaline 
chlorides. 

All these processes have, however, still to stand the test of 
time before a final opinion can be arrived at as to the effect they 
will have upon the manufacture of chlorine, the history of 
which we have been following, and this must be my excuse for 
not going into further details. I have endeavoured to give you 
a brief history of the past of the manufacture of chlorine, but I 
will to-day not attempt to deal with its future ! Yet I cannot 
leave my subject without stating the remarkable fact that every 
one of these processes which I have described to you is still at 
work to this day, even those of Scheele and Berthollet, all 
finding a sphere of usefulness under the widely varying con¬ 
ditions under which the manufacture of chlorine is carried on in 
different parts of the world. 

Let me express a hope that a hundred years hence the same 
will be said of the processes now emerging and the processes 
still to spring out of the inventor’s mind. Rapid and varied as 
has been the development of this manufacture, I cannot suppose 
that its progress is near its end, and that nature has revealed to 
us all her secrets as to how to procure chlorine with the least 
expenditure of trouble and energy. I do not believe that 
industrial chemistry will in future be diverted from this Section 
and have to wander to Section A under the aegis of applied 
electricity. I do not believe that the easiest way of effecting 
chemical changes will ultimately be found in transforming heat 
and chemical affinity into electricity, tearing up chemical 
compounds by this powerful medium, and then to recombine 
their constituents in such form as we may require them. I am 
sure there is plenty of scope for the manufacturing chemist to 
solve the problems before him by purely chemical means, of 
some of which we may as little dream to-day as a few years ago 
it could have been imagined that nickel would be extracted from 
its ores by means of carbon-monoxide. 

At a meeting of this Association which brings before us an 
entirely new form of energy, the Rontgen rays, which have 
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enabled us to see through doors and walls and to look inside the 
human body; which brings before us a new form of matter, re¬ 
presented by Argon and Helium, which, as their discoverers, 
Lord Rayleigh and Prof. Ramsay, have now abundantly proved, 
are certainly elementary bodies, inasmuch as they cannot be split 
up further, but are not chemical elements, as they possess no 
chemical affinity and do not enter into combinations—at a meet¬ 
ing at which such astounding and unexpected secrets of nature 
are revealed to us, who would call in doubt that, notwithstand¬ 
ing the immense progress pure and applied science have made 
during this century, new and greater and farther-reaching dis¬ 
coveries are still in store for ages to come ? 


THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE. 

E action of the nominating Committee of the American As¬ 
sociation (see Nature of September io), in recommending 
a merely formal meeting next year at Toronto, on the day pre¬ 
ceding that of the British Association, evoked a storm of oppo¬ 
sition in the general session, and a vote was passed requiring the 
Council to arrange for a regular meeting and fix the time and 
place. 

The Council subsequently fixed on August 9, 1897, as the 
time, and Detroit as the place, providing for a recess to Toronto 
before the final adjournment, in order to welcome the British 
Association. 

Of the various Sections, popular interest evidently centred in 
that of Social and Economic Science, as was evinced by the very- 
large attendance, and by the attention devoted to its proceedings 
by the daily press of Buffalo. The first paper read before this 
section, on “The Monetary Standard,” taking strong ground for 
the gold standard, was read by Wm. H. Hale. Edward Atkinson 
sent a paper entitled “ What is True Money?” ; also one en¬ 
titled “Crime against Labour.” Other papers were : “The 
Competition of the Sexes and its Results,” by Lawrence Irwell; 
“Fashion—a Study,” by S. E. Warren; “Citizenship, its 
Privileges and Duties,” “Relics of Ancient Barbarism,” and 
“ Practical Studies in Horticulture, Art and .Music,” by S. F. 
Kneeland ; “An Inheritance for the Waifs,” by C. F. Taylor; 
“The Proposed Sociological Institution,” by James A. Skilton; 
“The Value of Social Settlement,” and “The Wages Fund 
Theory,” by A. B. Keeler ; “ Better Distribution of Forecasts,” 
by John A. Miller; “The Tin-plate Experiment,” by A. P. 
Winston, and “ Suicide Legislation,” by W. L. O’Neill. 

Thirty-five papers were read in the Anthropological Section, 
including contributions from Brinton, Boas, McGee, Fletcher, 
Beauchamp, Wright, Mercer, and others. Especial interest was 
felt in the paper of Secretary F. W. Putnam, on the researches 
made in the ancient city of Coapan, located in Honduras, just 
over the border from Guatemala. 

Prof. Putnam was the first to go beneath the surface. He began 
in Yucatan, and soon found that buildings now on the surface 
were of recent date ; but underneath were indications of remote 
antiquity. City has been built over city, in one place as many 
as five having been superposed, showing as many successive 
occupations. 

The two Biological Sections had twenty-three papers in zoology 
and forty-two in botany. Among the well known contributors 
were L. O. Howard, E. D. Cope, L. M. Underwood, T. N. Gill, 

D. S. Kellicott, C. E. Bessey, J. M. Coulton, and N. L. Brit¬ 
ton, The Botanical Club also held several meetings, and the 
botanists devoted all day Friday to an excursion by lake to Point 
Abino. 

The Geological Section was enriched by all the papers from the 
Geological Society of America, which held merely a business 
meeting, an arrangement now adopted for the first time, but so 
successfully that it will be extended next year to the Chemical 
Society, and ultimately to other affiliated societies. Thirty-four 
papers were read to the geologists, among prominent con¬ 
tributors being B. K. Emerson, Warren Upham, I. C. White, 

E. W. Claypole, G. K. Gilbert, and J. W. Spencer. H. 0 . 
Hovey, who has made a speciality of cave explorations, gave 
interesting accounts of new discoveries in Mammoth Cave and 
elsewhere. The feature of this Section was the commemorative 
exercises on Wednesday afternoon, referring to the sixtieth 
anniversary of the work of Prof. James Hall in connection with 
the survey of New York State. Addresses and papers were 
given by Prof. Emerson, Prof. Joseph Le Conte, W. J. McGee, 
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